This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 




PfT WORLD INTELLECTUAL PROPERTY ORGANIZATION ^£5^ ^R^V^ 

rVsX International Bureau ^sass^ f 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 3 : 
A61K 35/14, 37/04, C07K 15/22 
C07K 13/00, C12P 21/02 
CI 2N 5/00 



Al 



(11) International Publication Number: WO 91/14438 

(43) International Publication Date: 3 October 1991 (03.10.91) 



(21) International Application Number: PCT/US9I/01844 

(22) International Filing Date: 20 March 1991 (20.03.91) 



(30) Priority data: 
496,409 



20 March 1990(20.03.90) US 



(60) Parent Application or Grant 
(63) Related bv Continuation 
US 

Filed on 



496,409 (CIP) 
20 March 1990(20.03.90) 



(71) Applicant (for all designated States except US): THE TRUS- 
TEES OF COLUMBIA UNIVERSITY IN THE CITY 
OF NEW YORK [US-'USl: Broadwav and West 116th 
Street, New York. NY 10027 (US). 



(72) Inventors: and 

(75) Inventors/Applicants (for US only) : MORRISON, Sherie. 
L. [US/US]; 258 Denslow Avenue, Los Angeles, CA 
90048 (US). SHIN. Seung-Uon [US/US]; 7700 Topanga 
Canyon, Canoga Park, CA 91304 (US). 

(74) Agent: WHITE, John. P.; Cooper & Dunham, 30 Rocke- 
feller Plaza, New York, NY 10112 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- j 
pean patent), CA. CH (European patent), DE (Euro- 
pean patent), DK. (European patent), ES (European pa- 
tent), FR (European patent), GB (European^patent). GR 
(European patent). IT (European patent), JP, LU (Euro- 
pean patent), NL (European patent), SE (European pa- 
tent), US. 



Published 

With international search report. 



(54) Title: CHIMERIC ANTIBODIES WITH RECEPTOR BINDING LIGANDS IN PLACE OF THEIR CONSTANT RE- 
GION 

(57) Abstract 

The present invention provides a modified chimeric monoclonal antibody comprising two molecules of each of two differ- 
ent polypeptides. The shone: polypeptides function as the light chains of the antibody and the longer polypeptides function as 
the heavy chains of the antibody. Moreover, the polypeptide which functions as a heavy chain has a variable region characteristic 
of a first mammal and a constant region characteristic of a second mammal. Each polypeptide which functions as a light chain 
has a variable region characteristic of a mammal and a constant region characteristic of a mammal, wherein a receptor-binding 
ligand replaces at least a portion of the constant region of each of the polypeptides which function as the heavy chains of the an- 
tibody. Additionally, the present invention provides an immunologically reactive complex and a chimeric polypeptide. Finally, 
methods of using and producing the modified chimeric monoclonal antibodies, immunologically reactive complexes, and chimer- 
ic polypeptides are provided herein. 



FOR THE PURPOSES OF INFORMATION ONLY 
•PPli-STuS St3teS P3r,y '° ' he PCT - *>* P*S« of p amphle(s 



publishing international 



AT 


Austria 


AU 


Au»lralia 


B8 


Barbados 


BE 


Belgium 


BP 


Burkina Fa*o 


BC 


Sultana 


BJ 


8cnin 


8R 


Brazil 


CA 


Canada 


CF 


Central African 


CC 


Congo 


CH 


Switzerland 


CI 


Cote d'l voire 


CM 


Cameroon 


CS 


Czechoslovak 14 


DE 


Germany 


OK 


Denmark 



ES 


Spain 


Fl 


Finland 


FR 


France 


CA 


Gabon 


CB 


United Kingdom 


CN 


Guinea 


CR 


Greece 


HU 


Hungary 


IT 


Italy 


JP 


Japan 


KP 


Oemoeratie People 




of Korea 


KR 


Repuhlic of Korea 


LI 


Liechtenstein 


LK " 


Sri Lankj 


Hi 


Luxembourg 


MC 


Monaco 



MC 

Ml. 

MN 

MR 

MW 

NL 

NO 

PL 

RO 

SO 

SE 

SN 

su 

TO 
TC 
US 



Madagascar 
Mali 

Mongolia 

Mauritania 

Malawi 

Netherland» 

Norway 

Poland 

Romania 

Sudan 

Sweden 

Senegal 

Soviet Union 

Chad 

Togo 

United State* of America 



f 



WO f-1/14438 PCT/US91/01844 



CHIMERIC ANTIBODIES WITH RECEPTOR BINDING LICANDS IN PLACE OF THEIR 
CONSTANT REGION 



This application is a continuation-in-part of U.S. Serial 
No. 496,409, filed March 20, 1990, the contents of which 
are hereby" incorporated by reference into the subject 
10 application. 

This invention was made with support under Grant Number 
NIH-CA16858 from the National Institute of Health, U.S. 4 ' 
Department of Health and Human Resources. Accordingly, 
15 the U.S. Government has certain rights in the invention. 



BACKGROUND OF THE INVENTION 



Throughout this application, various publications are 
20 referenced by Arabic numerals within parentheses. Full 

citations for these publications may be found at the end 
of the specification immediately preceding the claims. 
The disclosures of these publications in their entireties 
are hereby incorporated by reference into this 
2 5 application in order to more fully describe the state of 

the art as known to those skilled therein as of the date 
of the invention described and claimed herein. 



The challenge in cancer therapy has been to find a means 
30 of selectively killing malignant cells while leaving 

normal cells intact. Traditional chemotherapy has been 
directed against actively dividing cells with a drawback 
being that it also kills normal, actively proliferating 
cells, e.g. the bone marrow. Another challenge is to 
35 produce antibodies which have access to regions of the 

subject generally inaccessible to most molecules, e.g., 
the brain. 
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Antibodies, because of their remarkable specificity, hava 
long had appeal as the "magic buUef capable of 
selectively identifying and eliminating malignant cells. 

Transfected cells (transfectomas, provide an aooroaeh to 
mprovrng monoclonal antibodies. Genetically engineered 

f ^ bS " P " S - d '«»owi^ gene transfection 
xnto lymphoid cells (1-5, . one of the major advantages 
of expressing genetically engineered antibodies 
one „ not linited t0 using antibodies ^ th 

nature. In particular, nonimmunoglobulin essences can ' 
be = to antibody seguences, creating 

«-Z t^d T~ SnCOUnte " d *« -estigators have 
attempted to use monoclonal antibodies as 
^unotherapeutic agents is efficiently targeting th 

untouch r t0 tUn ° r lMVing *>™l «». 

ntouched. in trying to overcome this problem. „ nave 

found that both the growth factor and an antiV 

specificity can be contained in a ^l^TZ 

growth .acors to an antibody combining specif i eitv in 

Zni ;: S s r e oduce molecuics uhich "-set tL 

cells possessing growth factor receptors. Growth factor 
receptors have also been reported to be on the blood- 
braxn barrier therefore the molecules described herein 

: Inset- ablS ■ t0 UtUl2e ™ -ceptors 
tra„s= y .o sls lnto the brain (li> „ ( 

are appropriate because cancer cells usually express 

i::i;t fs r =r T ptors «-» 

capaciw, rcr proliferation. 

IT""'' " tib0di " d "ected to the I L - 2 receDtor have 
e n target therapy ^ t ^ • 

«•>• —.-natively, receptor ligands have been used as 
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a therapeutic to target a particular cell. Further, 
blocking cellular receptors effectively interferes with 
the cells 1 ability to proliferate. 

5 The molecules described herein include genetically 

engineered antibodies having insulin or insulin-like 
growth factors type 1 and type 2 (IGF1 and IGF2) joined 
to an antibody combining specificity. Insulin and IGF1 
and IGF2 are related polypeptides which affect cell 
10 metabolism and proliferation by binding to specific 

receptors on the plasma membrane. IGF1 is identical to 
• somatomedin-C. The receptors for insulin and IGF1 are 
similar in molecular size and substructure. 

15 Insulin can bind to the IGF1 receptor but binding is 

weaker than that of IGF1. Recently IGF1 has been shown 
to be an autocrine growth factor for certain human 
mammary carcinoma cells in culture (35) . Both the 
insulin and IGF receptors are thought to be present on 

20 the blood-brain barrier and to effect transcytosis across 

it (1, 16-19, 48). 

Additionally, the molecules described herein include 
genetically engineered antibodies having transferrin 

25 joined to an antibody combining specificity. Transferrin 

receptors are widely distributed on human tumors (20) . 
In addition, the vascular endothelium of the brain 
capillaries express transferrin receptors whereas those 
of other tissues do not (26) . Antibodies directed 

30 against transferrin receptors inhibit growth of tumor 

cells by crosslinking the transferrin receptor (54). 
However, only IgM antibodies were effective thereby 
suggesting that a polymer is important. Moreover, IgG 
antibodies increased the turnover of the transferrin 

35 receptor (69) suggesting that an alternative approach to 
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inhibiting cell growth would be to increase receotor 
degradation during recycling. 

The transferrin receptor binds to the major serum iron 
transport protein, i.e. transferrin, and mediates iron 
uptake into the ceil. The basic mechanism by which the 
transferrin receptor mediates iron uptaKe has been 
es.abUshed. After binding of iron-laden transferrin to 
the receptor, receptor-ligand complexes are taken up via 

'L • Acldlflcatl - of this intracellular membrane 
c moartment !eads to the dissociation of iron fro. 
transferrin and the apotransf errin-transferrin receotc 
complex is then recycled back to the ceil surface. Und e : 
eutrai conditions, apotransf errin rapidly dissociates 
.rom .he receptor which is then available to undergo 
another round of endocytosis (11, 3 0, 63, 70). 

Endocytosis and recycling of receptor occur raoidly and 
efficiently. Most receptors are returned to "the cell 
surface during each cycle and few are diverted in 
lysoso.es and degraded. The mechanism by which iron . 
--Ported into the cytoplasm is unsown. x„ or der to 
.ar,et antibodies to the cytopUsm, antibodies must be 
resis.ant to degradation in the endocytic vesicles. 

The production of recombinant murine Fab-like antibodies 
-.prising an active enzyme moiety or a poiyoeotide 
^-splaying c-»y= antigenic determinants at the constant 
region of the heavy chain have been reported ,43) In 
contrast, we have joined insulin-like growth factor i 
US'l) to a murine anti-dansyl (Dns) combining 

c,2 domain from human Ig G3 . Hh en this chineric 

was transfected into a myeloma cell along „ it h h 

^ansyl-specific light a, chain, the expected molecu^ 
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was produced, assembled, and secreted. The resulting 
chimeric proteins bound the hapten Dns. They also were 
bound by the growth factor receptor, but with reduced 
efficiency, and exhibited some of the functions of IGF1 
5 such as increasing uptake of c-aminoisobutyric acid and 

2-deoxy-D-glucose (2-dGlc) (2) . 



WO 91/14438 

PCI/US91/0T844 

-6- 



SUMMARY Q7 THE INVENTION 

The present invention provides a modified chimeric 
monoclonal antibody comprising two molecules of each of 
two different polypeptides. The shorter polypeptides 
function as the light chains of the antibody and the 
longer polypeptides function as the heavy chains of the 
antibody. Moreover, the polypeptide which functions as 
a heavy chain has a variable region characteristic of a 
first mammal and a constant region characteristic of a< 
second mammal. Each polypeptide which functions as a 
light chain has a variable region characteristic of a 
mammal and a constant region characteristic of a mammal 
wherein a receptor-binding ligand replaces at least a 
portion of the constant region of each of the 
polypeptides which function as the heavy chains of the 
antibody. 

Additionally, the present invention provides an 
immunologically reactive complex comprising two different 
polypeptides, the shorter of which functions as a light 
chain and the longer of which functions as a heavy chain 
The polypeptide which functions as the heavy chain has a 
variable region characteristic of a first mammal and a 
constant region characteristic of a second mammal and the 
polypeptide which functions as the light chain has a 
variable region characteristic of a mammal and a constant 
region characteristic of a second mammal. Moreover, a 
receptor-binding ligand replaces at least a portion o'f a 
constant region of one of the polypeptides. 

The invention also provides a chimeric polypeptide 
capable of functioning as a heavy chain of an antibody. 
The chimeric polypeptide comprises a variable region 
characteristic of a first mammal and a constant region 
characteristic of a second mammal. Moreover, a receptor- 
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binding ligand replaces at least a portion of the 
constant region of the polypeptide. Additionally, the 
present invention provides a chimeric polypeptide capable 
of functioning as a light chain of an antibody comprising 
5 a variable region characteristic of a first mammal and a 

constant region characteristic of a second mammal, 
wherein a receptor-binding ligand replaces at least a 
portion of the constant region of the polypeptide. 

0 Moreover, the present invention additionally provides a 

modified chimeric monoclonal antibody comprising two 
molecules of each of two different polypeptides, the 
shorter of which functions as the light chains of the 
antibody and the longer of which polypeptides function as 
the heavy chains of the antibody. Each polypeptide which 
functions as a heavy chain has a variable region 
characteristic of a first mammal and a constant region 
characteristic of a second mammal. Further, each 
polypeptide which functions as a light chain has a 
variable region characteristic of a mammal and a constant 
region characteristic of a mammal, wherein a receptor- 
binding ligand is covalently attached to the ends of the 
constant regions of each of the polypeptides which 
function as the heavy chains of the antibody. 

Further, another immunologically reactive complex is 
provided. The complex comprises two different 

polypeptides, the shorter of which functions as a light 
chain and the longer of which functions as a heavy chain, 
the polypeptide which functions as the heavy chain having 
a variable region characteristic of a first mammal and a 
constant region characteristic of a second mammal and the 
polypeptide which functions as the light chain having a 
variable region characteristic of a mammal and a constant 
region characteristic of a second mammal, wherein a 



WO 91/14438 . > 

FCT/US91/01844 

-8- 



receptor-binding ligand is covalently attached to the 
ends of a constant region of one of the polypeptides. 

L'lvo""?"' inVenti0 " alS ° PrOVid " • ="»«ic 
polypeptide capable of functioning as a heavy chain of an 

antibody comprising a variable region characteristic of 
a first mammal and a constant region characteristic of a 
second mammal, wherein a receptor-binding l igand is 
covalently attached to the constant region of the 
10 polypeptide. 

Moreover, the present invention further provides a 
chimeric polypeptide capable of functioning as a li gh ^ 
15 ° f ^ antibod * prising a variable region 

characteristic of a first mammal and a constant region 
characteristic of a second mammal, wherein a receotor- 
bmding li gand is covalently attached ^ ^ ^ 

region of the polypeptide. 



20 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure i. 

(A) Strategy for the construction of the IgG3-IGFl 
5 fusion gene. The fourth base (C) of the gene for the C H 2 

domain in human IgG3 was mutated to G by site-directed 
mutagenesis, resulting in the introduction of a unique 
Pvu II restriction enzyme site. In addition, a unique 
Pvu II site was introduced into the IGF1 gene by changing 
the last base (C) of the leader sequence (Leader Seq. or < 
LS) of rat IGF1 cDNA (italic letters) to T. Human IgG3 
and rat IGF1 cDNA digested with Pvu II were ligated, 
resulting in an in-frame IgG2-IGFl fusion gene without 
any significant amino acid substitutions. 

(B) Schematic representation of the transfection 
vectors, the genetically engineered IgG3-IGFl fusion gene 
and a proposed chimeric antibody. The mouse-human k L 
chain gene was cloned into [SV184 iH-neo , which is derived 
from pACYC184 and contains the pACY origin of 
replication, a chloramphenicol-resistant gene (Cm r ) for 
selection in Escherichia coli , and the neo gene (the 
dotted box) with the simian virus 40 (SV40) early region 
promoter (the shaded box) for selection in eukaryotic 
cells. The mouse-human IgG3-rat IGF1 H chain gene is 
cloned into pSV2±H-gpt gene (the stippled box) . Boxes in 
the chimeric genes represent exons. The thick black 
solid line and boxes represent DNA of mouse origin, while 
the thin solid line and open boxes represent human DNA 
segments. The shaded box in the H chain genes represents 
the rat IGF1 cDNA. The sites of cleavage by restriction 
endonucleases EcoRl (open triangle) , BamKI (open circle) , 
and Hindlll (closed circle) are shown. The mouse-human 
IgG3-rat IGF1 chimeric protein produced by expression of 
both transfection vectors is shown at the bottom of B. 
The black region of the chimeric molecule represents the 
mouse V region domains specific for the hapten Dns, the 
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open regions represent the c domains of human k l cha>n 
and IgG3, and the hatched region represents the rat IGFl". 

Figure 2. HaDodSO t /PAGE analysis of the IgG3-lGFl 

ZTloirT" SeCreted ^ ttM » f *'— ■ The secreted 
X ] Z ChlMrlC Pr ° tel " "-synthetically labeled with 
( S Methionine was analyzed under non reduci„ g <a, and 
reducing ,„ conditions. The labeled chimeric protein 
was precipitated with either Dns-Sepharose (1 anes DNS in 

VlLT'T '"""^/Staphylococcus protein 

VlgGsorb (lanes Fab in A) . Anti-Fab precipitates free" 
L chains as well as L chains covalently attached to H 
chains. The secreted IgG3 chimeric antibody consisting 
of mouse V region-human IgG3 c region has the same basic 
structure as the IgG 3 -IGn chimeric protein and is used 

thrJeblT 1 ' U " der n ™=^ "nations (A) , the 
three bands represent the heterogeneous assembly of the 
processed and unprocessed chimeric protein: under 
reduci ng conditions, the processed m and unprocessed 
f«P> chimeric protein are seen . The scheaatic 
digrams of heterogeneous assembly patterns are shown in 
in which the hatched regions represent the mouse V 
regions, the open regions represent human c regions, the 
stlppleo regions represent the mature IGF1. and the black 
regions represent the carboxyl terminus of the 
unprocessed IGF1. 

Figure , Purification of l g G 3 - IG Fl fusion protein. 

SDS pIg-' 1 / 9Gl " IGF1 fUSi0 " Pr0tel " '"ctionated bv 
SD8-PM* under non-reducing conditions and visualise 
using silver staining. 

B- The purified Ig^-IGF! fusion protein was fractionated 
using FP,c ,Superose- 12 column, flow rate: 0 . 25 ml/min) ° 
The e u u t „ of l9Gj . ISFi jusion ^^^^ ^ ^ > 

elu.ion time of mouse-human IgGj chimeric antibody 
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(170 KDa) is 40 min and that of IgG 1 chimeric antibody 
(14 6 KDa) is 45 min; they are indicated by arrows. 

Figure 4. Competitive inhibition of binding of 125 I-IGF1 
5 to IM-9 lymphocytes. Approximately 3 X 10 6 IM-9 cells 

were incubated at 15 # C with a constant amount of 125 I-IGF1 
and the indicated concentration of unlabeled competitors 
(recombinant IGF1, IgG3-IGFl chimeric protein and IgG3 
chimeric antibody) . After 2 hr of incubation, the amount 
10 of receptor-bound radioactivity was determined. Values 

are expressed as the relative inhibition of binding 
compared to use of only labeled tracer 125 I-IGF1. Results 
shown for each curve are the means of duplicate 
experiments. 

15 

Figure 5.. Relationships between IGF1 and IgG3-IGFl 
stimulatory effects on a-aminoisobutyric acid (AIB) (A) 
and dGlc (B) uptakes in KB cells. Uptakes were 
determined in the presence of the indicated 
20 concentrations of IGF1, IgG3-IGFl, and IgG3 as control. 

Figure 6. Schematic diagram showing the differential 
centrifugation protocol which was used to obtain a 
nuclear/plasma membrane (Nuc/Pm) fraction, a Mitochondria 
25 (Mit) fraction, a high density microsomes (H. Micro) 

fraction, and a low density microsomes (L. Micro) and 
cytosolic (Cyto) fraction. 

Figure 7. Diagram of pAG5018 comprising hinge-IL2 in an 
30 expression vector. 

Figure 8. Line graph showing the relative activity of 
TU2 (an IL-2 fusion protein) versus IL-2. 



35 



Figure 9. Schematic of the Bluescript (KS) with the CD4- 
IGF1 insert. 
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Figure 10. Schematic of pS V2 V hugt htt- . 
human transferrin. 



Figure 11. Line graph showing IgG3-lGFl Capillar 
Depletion. " J 
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DETAILED DESCRIPTION OF THE INVENTION 



Many problems have been encountered in the attempt to use 
monoclonal antibodies as immunotherapeutic agents. Among 
5 the problems have been the inability to (1) efficiently 

target antibodies to tumor cells while leaving normal 
cells untouched and (2) gain access to restricted 
locations in the body, e.g. the brain. 

1° Accordingly, the monoclonal antibodies provided herein, 

are structurally engineered permitting greater 
accessibility to the target region, e.g. the brain, than 
naturally occurring antibodies. Further, the subject 
chimeric monoclonal antibodies reproducibly bind to 

15 target cells. 

The present invention provides a modified chimeric 
monoclonal antibody comprising two molecules of each of 
two different polypeptides. The shorter polypeptides 
20 function as the light chains of the antibody and the 

longer polypeptides function as the heavy chains of the 
antibody. Moreover, the polypeptide which functions as 
a heavy chain has a variable region characteristic of a 
first mammal and a constant region characteristic of a 
2 5 second mammal. Each polypeptide which functions as a 

light chain has a variable region characteristic of a 
mammal and a constant region characteristic of a mammal, 
wherein a receptor-binding ligand replaces at least a 
portion of the constant region of each of the 
polypeptides which function as the heavy chains of the 
antibody. 



30 



As used herein, modified chimeric monoclonal antibody 
means a genetically engineered protein comprising (1) 
35 four polypeptides, two of which are designated heavy 

chains and two of which are designated light chains; the 
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pdypeptides encoded by « nucleic acid hav . 
diverse genetic constitutions; and (2) altered at the 
constant region of the heavy chain. 

As used herein, the heavy ,„, and light (L) chains of the 
modified chimeric monoclonal antibody refe- *o tn. 
differences in the molecular weight of the poi'ypeotides 
which compose the above-described antibodies. 

Further, as used herein, the variable (V) region of the . 

on both d -H hi : eriC MnOCl ° nal antlb ° dy "« the 

on both the Ught- and heavy-chain iocated at the a,, no 

terminal end of the molecule. 

LTfle? t S US6d h « ein ' th * ™nt (c) region of the 

on both m ° n0Cl0nal antib ° dy "« the ••».-«. 

termini "* « the carboxy! 

terminal portion of the antibody. Accordingly, the 

thelrV T inraUn0gl ° bUli " -I—I* =an be divided into 
their v and c components so that a light =h a in consists 

,,.«)■ Similarly, the heavy chain can be divided into V 
and c, (variable „„„ and constant . 

first^T' ^ '""^ inVenti0 " PCOTid " 'he 
first mammal is mouse and the second mammal is human. I„ 

second mammal is mouse. Moreover, also within the scone 
of this invention are chimeric monoclonal antibodies 
wh ich comprise polypeptides from mammals such as rats 
moles, shrews, monKeys, bats, hares, rabbits, does, cats' 

com m\ PhlnS ' el6PhantS ' h ° rSeS ' <«» or 

combination thereof. 

Further. in accordance with the practice of the 

theTig 0 ;: ; ha . Variable the constant region of 

Ugh. cnain are both characteristic of the second 
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mammal. Alternatively, the variable region and the 
constant region of the light chain are both 
characteristic of the first mammal. A further 
alternative provides that the variable region of the 
5 light chain is characteristic of either the first or the 

second mammal and the constant region of the light chain 
is characteristic of the other mammal. 

Further, the subject invention provides that the 
10 receptor-binding ligand comprises a growth factor. 

Examples of growth factors include but are limited to 
insulin, insulin-like growth factor, platelet-derived 
growth factor, epidermal growth factor, transforming 
growth factor, nerve growth factor, and growth hormone. 



15 



20 



As used herein, insulin means either (1) naturally- 
occurring insulin whether of human or animal origin or 
2) biosynthetic insulin from human or animal whether 
produced by genetic engineering methods or otherwise. 



Similarly, as used herein, insulin-like growth factor, 
platelet-derived growth factor, epidermal growth factor, 
transforming growth factor, nerve growth factor, and 
growth hormone means either the naturally-occurring or 
2 5 synthetic form thereof. 

Further, examples of insulin-like growth factor include 
but are net limited to insulin growth factor 1 and 
insulin growth factor 2. 

30 

In the practice of the invention a growth hormone 
includes but is not limited to growth hormone releasing 
factor. Moreover, as used herein, examples of growth 
hormones include human, avian, equine, porcine, ovine, 
35 bovine, and piscine growth hormones. 
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Additional, examples of transf 

lnclude ara not United to transf! 

-tor-. and transforming ^ ^ 

i". and transforming growth f actor-03 . 

Additionally, in acoordanoa with the practica of ,„ 
invention, the receptor-bindin, liga „ d Zill " **' 
least a portion of the oonstant region of the h " 
Polypeptides comprises tumor necrosis fac tor 

Alternatively, in another embodiment of the inv.^ • 
receptor-binding ligand ^ tr ^~^ 

» another embodiment of the invention the ' 
binding li, and conprises , ^ "T^' 

suitable lymphokines are s elected from, ExMples of 
« macrophage inhibition factr L^llZ 
inhibition fector, macrophage a C ^v at "* " 

macrophage cytotoxicity fLor ' 
interleu.in-,, interleu*in-3 . interleuXin /Tf T"* 1 ' 
= • interleu kin - 6 , ly^ tax T ^^T^"' 
ymphocyte activating factor, and T helper « I" " 
factor. p ceii re Placmg 

As used herein, a lymphcKine means either m 

naturally-occurring lymphoma whether of human 

origin o- ni „ u- of num an or animal 

animal whUer ^^^tT" ^ ~ 

otherwise. genetic engineering methods or 

Also, in accordance with the oractice of th. ■ 
the variable reaion of * invention 

-gion of .he previously described chimeric 
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monoclonal antibody comprises immunoglobulin-like ligand 
binding regions having a folded configuration. Examples 
of immunoglobulin-like ligand binding regions include, 
but are not limited to, domains from T cell receptors, 
major histocompatibility complex antigens, CD4 , and CDS. 

In accordance with the practice of the invention, the 
variable region comprises the domain of a T cell 
receptor. Alternatively, in another embodiment, the 
variable region comprises the domain of a MHC antigen/ 
e.g. an HLA antigen or an H-2 antigen. In a further 
embodiment, the variable region comprises the domain of 
a surface glycoprotein CD4 . Moreover, in another 
embodiment the variable region comprises the domain of 
15 a surface glycoprotein CD8. 

The CD4 molecule is a cell surface glycoprotein which 
interact with targets bearing class II major 
histocompatibility complex (MHC) molecules (73) . CD4 

20 acts as a recognition molecule mediating appropriate 

interactions between the CD4+ T lymphocytes and its 
target. Additionally, CD4 is the cell surface receptor 
for the AIDS virus. Accordingly, the subject chimeric 
monoclonal antibodies having a variable region of the 

25 heavy chain comprising the CD4 domain is important as a 

therapeutic and diagnostic agent in mediating T 
lymphocyte function and alleviating AIDS. 
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Additionally, CD8 is a cell surface glycoprotein which is 
found on a subpopulation of T lymphocytes, i.e. CD84- T 
lymphocytes. CD8+ T lymphocytes interacts with cells 
expressing class I MHC molecules. Accordingly, 
monoclonal antibodies comprising CDS inhibit T cell 
function by specifically binding with molecules which are 
35 directed against CD8 . In this regard, the subject 

chimeric monoclonal antibody is important in mediating T 
lymphocyte function, specifically, the embodiment of the 
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inventicn, wherein the variable region of the h. 
comprises the CD8 domain. ^ Chain 

thereby, aUo „ ing T ^ OUt cj a " tlgen ' 

ono x antibodies conprising a doMin : : « ch 

receptor. compete with naturaUy-oocurrina t 
receptors f or the antigen, thus, prevent "J T Li s H" 
mediatino cellular ceils from 

—see, lupus eryt r a u L::. :r 0 ; ng aut °- iMe 

As used herein, a major histocompatibilitv , *• 
a transplantation antigen i . , 9e " '" eans 

-en as H- 2 class protein 'or of „ ""^ m 
P-teins. Xransp'lantatL ant gts ^ ^ " 
similar to antibody molecules. structurally . 

Further, the subject chimeric monoclone, 

comprise a domain of hhc antigens are i antlb ° dieS 

-splantati: an^. ",."1? £7?^. 

:= — - 

Additional "> v *-k« 

immunoico^eUy r-cti """"^ Provides an 

PolypeptC the S h ? C °" P1 " C °" PriSi ^ t«o different 
P^^es, the shorter of which fim^,- 

chain and the longer of which functions as a J' 3 ^ 

The polypeptide which functions as the heavy -ha \ 
variable -ecinn ~u neavy chain has a 

xti .egion characterist i r «f , «• 

constant region character tic of a " T 3 

UC of a second mammal and the 



polypeptide which functions as the light chain has a 
variable region characteristic of a mammal and a constant 
region characteristic of a second mammal. Moreover, a 
receptor-binding ligand replaces at least a portion of a 
constant region of one of the polypeptides. 

As used herein an immunologically reactive complex is a 
biosynthetic complex and is produced by genetic 
engineering methods or otherwise. 

Moreover, the immunologically reactive complex comprises 
a first mammal which is human and a second mammal which 
is mouse. Alternatively, the first mammal is mouse and 
the second mammal is human. Moreover, also within the 
scope of this invention are immunologically reactive 
complexes which comprise polypeptides from mammals such 
as rats, moles, shrews, monkeys, bats, sloths, hares, 
rabbits, dogs, cats, whales, dolphins, elephants, horses, 
cows, deers or any combination thereof. 

Further, in one embodiment of the invention, the 
variable region and the constant region of the light 
chain of the immunologically reactive complex are both 
characteristic of the second mammal. Alternatively, the 
variable region and the constant region of the light 
chain are both characteristic of the first mammal. 
Another alternative provides that the variable region of 
the light: chain is characteristic of either the first or 
the seco.-.c mammal and the constant region of the light 
chain is characteristic of the other mammal. For 
example, if the variable region of the light chain is 
characteristic of the first mammal then the constant 
region of the light chain is characteristic of the second 
mammal . 



The invention provides the immunologically reactive 
complex, wherein the receptor-binding ligand reolaces at 
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least a portion of the constant region of the polyoeotida 
which functions as the l ight chain . Alternative . " 
receptor-binding lig a „ a replaces , t 

he constant region of the poiypeptide which functions as 
the heavy chain. 

AUb in accordance with the invention the receoto- 
binding ligand of the immunologically r.ac*iv. 
a growth factor. Suitable examples IT Z^Tj 
include, hut are not Ximited to. insulin 9 " ^uli i^ le 

~ r or i ( r; lln 9routh ^ r 1 - ^v°:<: • 

facor 2), platelet-derived growth f,,f fl 
growth factor, transforming 'growth ZTll 
ransfo^ng growth factor-o, transforming growtn facto - 

factor 2 9rOUth fa " 0r " fl2 ' ° r ^owth 

factor 63) , nerve growth factor, growth hormone (such as 

growth hormone releasing factor,, tumor necrosis facto" 
transferrin, and lymphokines (such »= 
inhibition factor, ^jr,^ 
macro ha g ^ ^ *• 

factor, rnterleuwn-l, interleuKin- 2 , interleuKin-3 

1^"' int ™ in " 5 ' ^terleu,in- 6 , interleu i 1 

acto^ and" h ^"^"^ 
factor, and T helper cell replacing factor) . 

Additionally, i„ accordance with the practice of the 
invention, the variable regions o, the polypeotides o 
the immunologicallv reacts. , ' 0£ 

,,,„„ y reac tlve complex comprises domains 

of the ^ Alte ™«"^- «e variable region 

of the polypeptides comprise domains of „hc antigens 
-oh as an HLA antigen or an „- 2 antigen, . rj^l 
alternatively, the variable regions of the polyoeo del 
comprise domains of surface glycoproteins CD, or COS 

Additionally, the present invention provides a chim • 
y chimeric polypeptide comprises a variable 
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region characteristic of a first mammal and a constant 
region characteristic of a second mammal, wherein a 
receptor-binding ligand replaces at least a portion of 
the constant region of the polypeptide. Alternatively, 
5 the receptor-binding ligand is joined to at least a 

portion, of the constant region of the polypeptide. 

Additionally, the present invention provides a chimeric 
polypeptide capable of functioning as a light chain of an 

10 antibody. The chimeric polypeptide comprises a variable 

region characteristic of a first mammal and a constant 
region characteristic of a second mammal, and a receptor- 
binding ligand which replaces at least a portion of the 
constant region of the polypeptide. Alternatively, the 

15 receptor-binding ligand is joined to at least a portion 

of the constant region of the polypeptide. 
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As used herein the chimeric polypeptide is a biosynthetic 
polypeptide and is made by genetic engineering methods or 
20 otherwise. 

In accordance with the practice of the invention, the 
first masnal is human and the second mammal is mouse. 
Alternatively, the first mammal is mouse and the second 

25 mammal is human. Moreover, also within the scope of this 

invention are chimeric polypeptides which comprise 
polypeptides from mammals such as rats, moles, shrews, 
monkeys, bats, sloths, hares, rabbits, dogs, cats, 
whales, dolphins, elephants, horses, cows, deers or any 

30 combination thereof. 



Further, the present invention provides a nucleic acid 
molecule encoding the above-described chimeric 
polypeptide. Moreover, the present invention provides an 
expression vector for producing a chimeric polypeptide 
comprising a nucleic acid encoding the chimeric 
polypeptide and suitable regulatory elements positioned 
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within the vector so as t-n 

as to permit expression of the 
polypeptide in a suitable host. ~ ~ 

It would be clear to those in the ert that ..suitable 
regulatory elements" would encompass the genetic elements 
-hat control gene expression, e.g. the origin ot 
replication, promoter, and expression control seouences 
such as enhancers. .uences 

Further the present invention provides the previously 
describee Modified human chimeric monoclonal antibody to ' 

label, wnerem attachment may be effected at the variable 
region of the molecule. 

United to a cytotoxic agent, e.g. methotrexate 
carbazme, toxins (such as ricin, diphtheria toxin' 
pseud™ exotoxin-,, abrin, supporin, and g.lnoin, '. 

zltz r a9ents - anti - sepcic — - »«- 

LlTed "r"" abri " " eMS rici " — Tin 

isolated fro. a wide variety of natural sources, e g 

«<-.. or synthesized by genetic engineering methods^ 
otherwise. 

An example of a suitable antimetabolite includes 5- ' 
"do-* -ceoxyuridine ,Iud R) . As used herein an anti- 
wit » ««"P~« »ny chemical which interferes 
with the replication of DNA. 

Moreover, examples of suitable detectable labels include 
bu are ..ot limited to an enzyme, biotin. a fluoroohor- 
a chromophore, a heavy metal, a paramagnetic isotooe. or 
-adioisotope. By suitable detectable labels aoollcan-s 
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contemplate any label which would be conducive to the 
detection of a complex which are known in the art. 

It would be clear to those skilled in the art that one 
5 method of attaching the subject chimeric monoclonal 

antibody to an enzyme, e.g. horseradish peroxidase, would 
be by a modification of the periodate method (74) . 
Alternatively, it would be clear to those skilled in the 
art to attach biotin to the subject chimeric monoclonal 
10 antibodies by the method of Bayer et al. (75) . 

With regard to drug moieties, it would be clear to those 
skilled in the art that the drug may be bound to Hhe 
variable region of the subject chimeric monoclonal 
15 antibodies. 

Further, the present invention provides a pharmaceutical 
composition comprising the above-described chimeric 
monoclonal antibody, immunological complex or polypeptide 
20 to which a moiety is attached, i.e. a drug or a 

detectable label, in an amount sufficient to deliver an 
effective dose of the drug and a pharmaceutical^ 
acceptable carrier. 

25 As used herein, the term "pharmaceutically acceptable 

carrier" encompasses any of the standard pharmaceutical 
carriers. Such carriers are well known in the art and 
may include, but are in no way and are not intended to 
be limited to, any of the standard pharmaceutical 

30 carriers such as a phosphate buffered saline solutions, 

water, emulsions such as oil/water emulsion, and various 
types of wetting agents. Other carriers may also include 
sterile solutions, tablets, coated tablets, and capsules. 

35 Typically such carriers contain excipients such as 

starch, milk, sugar, certain types of clay, gelatin, 
stearic acid or salts thereof, magnesium or calcium 
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s.erate. talc, vegetable fats or oUs. gums, glycols. or 
o.her known excipients. Such carriers may also include - 
flavor and color additives or other ingredients. 
Compositions comprising such carriers are formulated by 
well known conventional methods. 

in this method, the administration o, the composition may 
be effected by any of the well known methods, including 
hut not Umited to intravenous, intramuscular 
subcutaneous and oral administration. 

Additionally, the present invention provides a method o- 
proving the above-described modified chimeric 
monoclonal antibody. Th e Bethod COBprises; 

"r" 1 " 9 2 SUitabls /"—"wody- P roducin g host cell 
wiJ. two expression plasmids, (i, one of which encodes a 
polypept.de capable of functioning as the heavy chain of 
the antxbody and having a variable region characteristic 
of a urst mammal and a constant region characteristic of 
a second mammal, „ h erein a receptor-binding ligand 
replaces at least a portion of the constant region of the 

TZJT, polypeptide and th * ° th « - 

chain of P ° lyPePtlde CapaMe ° f motioning as the light 
chain of the antibody and having . variable * on 

characteristic of . „ and . const ^ t 9 
characteristic of . M mm a l; (b) t ° 

i: :::: ected host ceu s ° as <° •«•« °< 

polypep.ices encoded by the plasmids and formation of the 
chimeric monoclonal antibody within the host cell and 
excretion into the culture medium of the antibody by the 

chimeric nonoclonal antibody, from the culture medium. 

rurth er , zhe present .^^.^ provides ^ 

prooucinc the above-described modified chimeric 
monoclonal antibody. Tha Bathod " 

cotransfecting a suitable/nonantibody-producing host cell 
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with an expression plasmid which encodes (i) a 
polypeptide capable of functioning as the heavy chain of 
the antibody and having a variable region characteristic 
of a first mammal and a constant region characteristic of 
a second mammal, wherein a receptor-binding ligand 
replaces at least a portion of the constant region of the 
heavy chain polypeptide and (ii) a polypeptide capable of 
functioning as the light chain of the antibody and having 
both a variable region characteristic of a mammal and a 
constant region characteristic of a mammal; (b) treating 4 
the cotransf ected host cell so as to effect expression of 
the polypeptides encoded by the plasmid and formation of 
the chimeric monoclonal antibody within the host cell and 
excretion into the culture medium of the antibody by the 
15 host cell; and (c) recovering the resulting excreted 

chimeric monoclonal antibody, from the culture medium- 
One procedure for preparing monoclonal antibodies 
involves constructing separate light and heavy chain 
20 immunoglobulin gene transfection vectors which compatibly 

replicate and amplify in host cells (45). This means 
that each plasmid can be manipulated separately, but 
still be maintained together in the host cell, 
facilitating gene transfer of both transfection vectors 
2d into manimalian cells using protoplast fusion or 

electroporation methods. Each protoplast fusion event 
then delivers both vectors into the same mammalian cell. 
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As used herein, cotransf ection means the essentially 
simultaneous insertion of both heavy and light chain 
genes, either by means of one or two expression vectors, 
into a suitable/nonantibody-producing host cell. It 
would be clear to those skilled in the art that a 
suitable/nonantibody-producing host cell would encompass 
35 an y cell, both' eucaryotic or procaryotic, capable of 

effecting expression of the polypeptides encoded by the 
plasmids and formation of the chimeric monoclonal 



antibody within the host cell and excretion into the 
culture medium of the antibody by the host cell. 

Applicants point out that it would be clear to those 
skilled in the art that the vectors herein comprise any 
vectors known in the art which are suitable for producing 
the modified chimeric monoclonal antibodies of this 
invention. Moreover, vectors as used herein comorise 
plasmids, viruses (including phage) and integratable DNA 
fragments, i.e. fragments that are integratable into the , 
host genome by recombination. In one example of the ' 
present invention, the vector may be a plasmid which is 
cloned in a bacterial cell and integrates into the host 
cell genome upon cotransf ection . 

In one embodiment of the above-described method the 
suitable, nonantibody-producing host cell is a human 
cell, i.e. a myeloma cell. Alternatively, in another 
embodiment, the suitable, nonantibody-producing host cell 
is a murine cell. Moreover, although the preferred host 
cells are human or murine cells, in principle any higher 
eucaryotic cell is workable, whether from vertebrate or 
invertebrate culture. 

As used herein "recovering the resulting excreted 
chimeric monoclonal antibody, from the culture medium- 
means any method, e.g. separation by immunoprecipitation, 
solvent fractionation, classical and high pressure liquid 
column chromatography, i.e. size exclusion, ion exchange, 
partition, and adsorption chromatography in normal and 
reverse phase, which are generally known and accented by 
those in the art as a means to separate and isolate 
proteins. 

The present invention provides a method of delivering a 
drug to a cell, e.g. a brain cell, an adipose cell, a 
blood ceil, an epithelial cell, a muscle cell, a nerve 
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cell, or a leukemic cell, having a receptor for a growth 
factor on a surface. The method comprises contacting the 
cell with the chimeric monoclonal antibody, 
immunologically reactive complex, or chimeric 

5 polypeptide, to which a moiety is attached, i.e. a drug 

or a detectable label, wherein the receptor-binding 
ligand of the antibody, immunologically reactive complex, 
or chimeric polypeptide, comprises the growth factor 
which binds to the receptor so that the antibody binds to 

0 the cell and thereby delivers the drug to the cell. 

As used herein, an adipose cell means those cells 
responsible for the production and storage of fat. 
Further, epithelial cells are cells which line the inner 
5 and outer surfaces of the body. 

The chimeric monoclonal antibodies, immunologically 
reactive complexes, and chimeric polypeptides described 
herein bind to receptors so as to be transported across 

0 the BBB . Small foreign molecules introduced into the 

circulation rapidly distribute themselves throughout the 
body's extracellular fluids; however, they are generally 
unable to penetrate the ^issues of the brain, i.e. the 
blood-brain barrier (BBB) . The BBB is a functional 

5 barrier between the brain capillaries and the brain 

tissue which allows some substances from the blood to 
enter the brain rapidly while other substances either 
enter slowly or not at all. Further, the 3B5 

effectively restricts transport between blood and the 

0 central nervous system of certain molecules; especially 

those which are water soluble, cnarged, and larger than 
about 200 daltons. The BBB has been found to function 
over all anatomical regions of the central nervous 
system, except for small areas around the pituitary 

5 stalk, the preoptic recess and the area postreme beneath 

the floor of the 4th ventricle. The basis for this 
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h o7lt er J PearS ^ be emb ° died ln thS -n-oth.li.1 ceUs 
of the blood capillaries in the brain. " 

The BB3 is not a fixed barrier it ,.,„ u • 

the .etabolic retirements o f the bra" *> 

insults such as nechanical ^ e> -; - to 

nypercapnia, hypoxia, extensive stress „ I ' 
electroconvuisive shock, explosive deco^e/s on ^ 

::::: us r ic substances - au ° f ««. 

alter the permeability Q f th<= k 

i. T:fle barriers ar>^ < 

subseguentlv, the composition „ the extraocular flu "£ 

various subst a nces are transported across the B33 eith 
^ passive di „usion or , „,„ Qfte ^ M ^« 

even the movement of water 
caoillarv wan i. i • water across the 

pmary wall is limited. Accordingly the an^n „■ 
immunologicallv rM rH„ antibodies, 

yx«-cixj.y reactive complexes ,„h u - 
polypeptides of this invention chimeric 
^ands which bind to" " ~ 

transport across the BBB. facilitating 
In the practice of the above-desc-ib*H 

grc.h factor, i.e. insulin-like growth fac-or , 
insulin-like growth factor ■> < ,. c '° r 1 - 

"hich uoon binding to thl ' transf "rin, 

cu-ric polypeptide across the £££ " 

is 0r Z 0 ^ -hod. the hram ceU 

is abnormal and associated with progressive rt . m 

the c— ac'ino > fc progressive dementia and 

immunolocicaUy reactive T ^""^ antibod >'. 

co»prisej ^ZTz:7^z: h Tr c p ° iy ^ 

antibody, i„o,icaUy r^ti; 1 ^^ ^? 
Polypeptide elective to halt the progress^ ' 
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As used herein, progressive dementia is defined as the 
gradual deterioration or loss of intellectual faculties, - 
reasoning, power, and memory. Alternatively, the brain 
cell is abnormal and associated with cerebral cortical 
5 atrophy and the contacting with the chimeric antibody, 

immunologically reactive complex, or chimeric polypeptide 
comprises contacting the cell with an amount of the 
antibody, immunologically reactive complex, or chimeric 
polypeptide effective to halt the cerebral cortical 
10 atrophy. 

As used herein, cerebral cortical atrophy is a sympt.cn 
typically characteristic of Alzheimer's disease. 

15 In another embodiment, the brain cell is malignant and 

associated with neurosarcoma and the contacting with the 
chimeric antibody, immunologically reactive complex, or 
chimeric polypeptide comprises contacting the cell with 
an amount of the antibody, immunologically reactive 

20 complex, or chimeric polypeptide effective to halt the 

neurosarcoma . 

Further, in yet another embodiment, the brain cell is 
malignant and associated with a carcinoma and the 
25 contacting with the chimeric antibody, immunologically 

reactive complex, or chimeric polypeptide comprises 
contacting the cell with an amount of the antibody, 
immunologically reactive complex, or chimeric polypeptide 
effective to halt the carcinoma. 

30 

Alternatively, in another embodiment, the brain cell is 
malignant and associated with a carcinosarcoma and the 
contacting with the chimeric antibody, immunologically 
reactive complex, or chimeric polypeptide comprises 
35 contacting the cell with an amount of the antibody, 

immunologically reactive complex, or chimeric polypeptide 
effective to halt the carcinosarcoma. 
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Moreover, an accordance with the practice of ,h 
invention, the brain cell i<, »«i • 

with . 15 mall ^nt and associated 

with a sarcoma and the contacting with „• 
antibody, ilniaunologicallv reactive ' ^ ^ *««c 

Polypeptide copses contacting the 

the antib ° d - —logicany reactL c : n i e a ; ou :: 

ch.mer.c polypeptide effective to halt the sarla °* 

Further the brain cell is malignant and associated wi^ h 
a carcinomatous cerebellar degeneration ! 
contacting with th» ^- ^generation and the,. 

reactive c.^ I" ™^«n y 

contacting th cell wit h T" POlyW "«" 

y ceii Wlth an amount of the ?nH K^ 

immunologically reactive complex or cM antibody, 

effective to halt th. Polypeptide 

nalt the carcinomatous caP . h .„ 

degeneration. As „«ori u cerebellar 

degeneration » " Carcin °^ous cerebellar 

uegenerauion means a nonme^ct'iv ~ 

and deep cerebellar „^ l e i ° ""^^ 

Additionally, i„ the practice of >. 

-tnod ot d eii Vering . i g z r;:r; scriw 

selected fron,, but is not United to T ' ' 

ceil, e _i e cell , .^^H"'.^ 
and an eoithelia <~«>n », e cej.1, 

.xcneiaa cell. Moreover, in accordance with *», 
above-described method the cell is IT 
associated with a "lignant and 

chimeric ant^odv ^ C ° ntactin * -th the 

chi . an ^body, immunologically reactive comolex or 

chimeric polypeptide comprises contacting the c ^ 
an amount of the antibody effective to halt the melanoma 

Alternatively, i„ accordance with th. .k 

-hod the cell is Balignant and ^ ^ *-^ed 

cancer and the contactino with the 2 ant !TT 

immunologically reactive co„,p lel< or chi m antlbod ^ 
-prises conractin, the cell „ th an 

a-hody, imunologicany ^ v ::z~:L2 
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polypeptide effective to halt the breast cancer. 
Further, the cell is malignant and associated with a 
lymphoma and the contacting with the chimeric antibody, 
immunologically reactive complex , or chimeric polypeptide 
5 comprises contacting the cell with an amount of the 

antibody , immunologically reactive complex, or chimeric 
polypeptide effective to halt the lymphoma. Also in 
accordance with the above-described method the cell is 
malignant and associated with a carcinoma and the 

10 contacting with the chimeric antibody, immunologically 

reactive complex, or chimeric polypeptide comprises 
contacting the cell with an amount of the antibody, 
immunologically reactive complex, or chimeric polypeptide 
effective to halt the carcinoma. Additionally, in 

15 accordance with the above-described method the cell is 

malignant and associated with a sarcoma and the 
contacting with the chimeric antibody, immunologically 
reactive complex, or chimeric polypeptide comprises 
contacting the cell with an amount of the antibody, 

20 immunologically reactive complex, or chimeric polypeptide 

effective to halt the sarcoma. 

The invention further provides a method of detecting a 
cell having a receptor for a growth factor on its surface 

25 which comprises contacting the cell with the chimeric 

monoclonal antibody, immunologically reactive complex, or 
chimeric polypeptide to which a detectable moiety is 
attached, wherein the receptor-binding ligand of the 
antibody, immunologically reactive complex, or chimeric 

30 polypeptide comprises the growth factor which binds to 

the receptor so that the antibody, immunologically 
reactive complex, or chimeric polypeptide binds to the 
cell and thereby detects the cell. 

35 . In one embodiment of the method of detecting a cell 
having a receptor for a growth fact on its surface, the 
cell is a brain cell and the growth factor upon binding 
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to the receptor results is transport of the antibody 
lB.unologie.Uy reactive complex, or chimeric polypeotide 
across the blood-brain barrier. Zxampies of suitable 
growth factors is seleoted from the group consistino of 
insulm-Uxe growth factor 1, insulin-like growth facte 
2, insulin, and transferrin. 

Further, in accordance with the practice of the 
invention, the brain cell is abnormal and associated with 

ZZT plaque and the c ° ntacting "*« «» = 

antibody, immunologically reactive complex, or chimeric ' 
polypeptide comprises contacting the cell with an amoun 
of the antibody, immunologically reactive comolex D , 
chloric polypeptide effective to per.it detection of the 

Alternatively, the brain cell is abnormal and associated 
with a brain tumor and the contacting with the chimeric 
entibody xm^nologically reactive com pl ex. C r chim J £ 
polypeptide co.p rtS es contacting the cell with an 
of the antibody, immunologically reactive comolex or 
chloric polypeptide effective to pen.it detection of' th 



It would be clear to those skilled in the art that the 
detection is accomplished using methods which depend upon 
the xdentxty ot the det ectable mo . e „L ch a ° 

r Ve " hel 11 — • ror example. when "I 
detectable moiety is radioactive, a li qu id scinti lat 
oounter xs employed. Alternatively, radioactive labels 

are det ected by radiography or other methods which 
detect dioactive decay after sepjra h -h 

detectable antibody. „oreover. when the moiety is an 
enzyme, e.g. horseradish peroxidase in a standard assay 
a spectrophotometer is employed. rurther, „ he 
-lety x, fluorescent, a fluorometer may be used, e g 
fluorescence activated cell sorting. 9 ' 
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The present invention additionally provides a modified 
chimeric monoclonal antibody comprising two molecules of 
each of two different polypeptides, the shorter of which 
functions as the light chains of the antibody and the 
longer of which polypeptides function as the heavy chains 
of the antibody. Each polypeptide which functions as a 
heavy chain has a variable region characteristic of a 
first mammal and a constant region characteristic of a 
second mammal. Further, each polypeptide which functions 
as a light chain has a variable region characteristic of 
a mammal and a constant region characteristic of a 
mammal, wherein a receptor-binding ligand is covalently 
attached to the ends of the constant regions of each of 
the polypeptides which function as the heavy chains of 
the antibody. 

Further, another immunologically reactive complex is 
provided. The complex comprises two different 

polypeptides, the shorter of which functions as a light 
chain and the longer of which functions as a heavy chain, 
the polypeptide which functions as the heavy chain having 
a variable region characteristic of a first mammal and a 
constant region characteristic of a second mammal and the 
polypeptide which functions as the light chain having a 
variable region characteristic of a mammal and a constant 
region characteristic of a second mammal, wherein a 
receptor-binding ligand is covalently attached to the 
ends of a constant region of one of the polypeptides. 

The invention also provides a chimeric polyoeptide 
capable of functioning as a light chain of an antibody 
comprising a variable region characteristic of a first 
mammal and a constant region characteristic of a second 
mammal, wherein a receptor-binding ligand is covalently 
attached to the ends of a constant region of one of the 
polypeptides . 
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Further, also within the scope of the invention is a 
ch^erlc polypeptide capable of functioning as a heavy 
chain of an antibody comprising a variable region 
characteristic of a first mammal and a constant region 
characterise of a second mammal, wherein a recepcor- 
blnding ligand is covalently attached to the constant 
region of the polypeptide. 

in "«tion to the treatment of aberrant cells and 
infections in the brain which require the antibody 
—logically reactive complex, or chimeric polypeptide 
to cross the ess, the subject chimeric monoclone 
antibodies, immunologically reactive co„ pl e*. or chimeric 
po ypep ice are also of importance for the treatment of 
aberrant or infected cells in all other locations of the 

antihd- eX * mPle - ^ SUbje " CM "« ic —clonal 

ant ibod Ulth „ „ ithout a =ovalentiy unked 

metastatic agent is useful for the treatment of all forms 
of cancer such as leukemia, lymphomas, carcinomas 
adenomas, and melanomas, that reside in any part of the 

This invention is illustrated in the Experimental Details 
section which follows. This section is set forth to aid 
an understand of the invention but is not intended to 
and shoulo not be construed to, Umit in anv way the 
invention as set forth in the claims which follow 
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EXPERIMENTAL DETAILS 

Materials and Methods 

5 Cell Lines: 

Human lymphoblasts , IM-9, which express IGF1 receptors on 
their surface (51), were obtained from American Type 
Culture Collection and maintained in RPMI 1640 medium 

10 with 10% fetal calf serum (Hyclone, Logan, UT) . Human t , 

epidermoid carcinoma, KB, which expresses growth factor 
receptors on its surface (37) and myeloma cells, i.e. 
P3X63Ag8.653 cells, were cultured in Iscove's Modified 
Dulbecco's Medium (IMDM, GIBCO, Grand Island, NY) with 

15 10% calf serum (Hyclone) . 

Characterization of the resulting monoclonal antibodies 

Carotid artery injection technique: based on Journal of 

2 0 Clinical Investigation 74;745-752, 1984 

Inject the 35 S-test compound and 3 HOH (a freely diffusible 
internal reference) into the common carotid artery of 
anesthetized adult rat (2-3 rats, male, Sprague-Dawley ; 

25 200-300 grams) or rabbits. Decapitate the rat (or 

rabbits) fifteen seconds after injection. Solubilize a 
sample of the injection solution and the hemisphere 
ipsilateral to the injection, in duplicate, in 1.5 ml 
soluene-250 at 50 # C for 2 hours before double-isotope 

30 liquid model system. Use a similar protocol for rabbit. 

Cerebral spinal fluid (CSF) collection: based o n 
Endocrinology 133 (6) : 2299-2301 , 1983 

3 5 Collect samples of CSF from the cisterna magna. 

Anesthetize a few animals (rats and rabbits) and place in 
a Kopf stereotaxic apparatus with the ear bars raised 
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approximately 15 cm above the 

"ace the incisor har into ^ '"ion «» ™: 

30-gauge needle connected to PE-lo t, y, 3 
the electrode carrier end direct ^""^ °« 

midline of the neck n . needle " c »e 

rr t io „ of the externa ^Hy 

to ... cn (depending upon the size a"d " t 
-—I) frc the occipital crest L v ^ 
-lowly through the incision in the J M * dl * 
dorsal neck nuscles vhile a slioht ^ thr ° U9h th£ ' ' " 

• X-0 - syringe attached to /e'd '* WU - ^ 
-ing. „he„ the needle Penet^tes the a^t^ °' 
»e„brane and gains access to the cist """"-""iPit.! 

* Disconnect the "!; 29 " 3 ' «' 

»• "»ple in a B icropipette vra 
-llect a sample of froVso V"ooT7 
period. At the completion 20 ° "1 »" 30 « lnut . 

Plexus. The aniM1 P1S tr °» 'he tail capiUary 

The experiments on the trans r " the Procedure. ■ 

-.tier and the a^STT fLT 
"eminent molecules regies only a an^^ 

thrown i^al^ 16 -tibodies .ntravenouslv 
P-iodicanv from " ' -"""tain, ■ Bieed the »i ce 

heparinized'so to 100 , retr °"° rbital Sinus ""h 

to ioo microliter ranfn, 

the procedure kin ^ ■ PUlar y P^t- After 

^nce and homogenize cerebral cortices fro 

°ne-month-old Sprague-Dawley rat s ,7" &n ^^ 

y rats (2-3 raCs) Qr rafabits 
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(1 rabbit) after decapitation to isolate endothelial 
cells. 

Determination of final localization 

5 

Inject the purified chimeric fusion protein into the 
common carotid artery of the subject, i.e. rats or 
rabbits, as described in the section on carotid artery 
injection techniques. Decapitate subjects. Examine 
10 brain and organ tissue specimen for the presence of the 

chimeric fusion protein. 

Anesthesia 

15 To relieve pain/discomfort, administer: Ketamine (45 

mg/kg) and xylazine (88 mg/kg) to rabbits. Administer 
Ketamine (87 mg/kg) and xylazine (13 mg/kg) to rats. 
Check the heartbeat and respiratory rate neurological 
reflexes, and the color of mucous membrane to confirm a 

20 successful anesthesia. 

A successful euthanasia 

To perform euthanasia, use carbon dioxide for rats and 
25 sodium pentobarbital (100 mg/kg) for rabbits. Kill mice 

by cervical dislocation, after ether anesthesia. To 
confirm a successful euthanasia, monitor the heartbeat. 
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EXAMPLE 1 



In creating antibody molecules uif h • 

replace, with a gr o«h factor . The ^ " h ' 
first anino acid of CH2 (m . „ ■ ' ln9e and 

-i-dans y i antl Ti J^lZ^T" ^ 

leader sequence of IGF1 Th^ • the 

* light chain into «-h» ■ specific chimeric 

'«-n mto the immunoglobulin nnn „^ • 
^eloma ?3X63Ag8 . 653 . T J ■ "on-proaucing 

1-unoglobulin XgC 3 - IGF1 chiraeric "p^^* 11 ^ 0 "- 
Produced and secreted (up to 3 0 ^J^I ^ T^ 
The Tog -irri ~k • • ceiis/24 hours) 

j iGFl chimeric proteins retain t-v, • 

human lymphoblast im-9 albeit 1 rece P to ^ of 

-e chimeric proteins Lci^^ 

effects (increased gi ucose and " ° f the ' biologic 

human eoidermoid care, ° aCid Uptake > in 

uiuenioia carcinoma KB cell*; *<r k„ 

with reduced specific activity. 

The reduced affinity and biologic activitv m 

from (l) the D re«nr a * *v activity may result 

i ; -ae presence of the unprocessed Trn 
th- i , _„„ . ^ Cisea IGrl moietv (o\ 

-tie large size of the Iqg -tgfi • f ' 

-pared to I0Pl (7 ^ f ^ ^^'""N 
substitutions in rat rep, 68 amino acid 

-r -ad to aeo;:ijr a ~ f :: h :r h iGFi — 

receptor Mfhnim , fcU Y r the huraa n IGFl 

exhibited the nrnnc, « • ,. IGt2 ' the y Still 

to elicit e MoTo 9 """^'V and th. aMlitv 

thus, de„„s^ t ; na T e " eCtS aSS ° Ciated " ith ^ 
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Construction and Characterization of the IgG 3 -IGFl 
Chimeric Protein: 

By site directed mutagenesis a unique restriction enzyme 
site (Pvu II) was generated at the 5' site of the CH2 
domain of the mouse/human IgG 3 heavy chain gene (72) and 
at the 3' of the leader sequence of rat IGF1 cDNA. IGF1 
and IgG 3 were joined using the Pvu II sites. The chimeric 
IgG 3 -IGFl heavy chain gene and the chimeric k light chain 
gene were simultaneously transfected into P3X63Ag8.653 by 
protoplast fusion (45, 58) . Then transfected cells were 
selected with G418 (GIBCO) at 1.0 mg/ml and screened by 
Enzyme-linked Immunosorbent Assay (ELISA) for 
transf ectomas producing the chimeric protein (58). The 
IgG 3 -IGFl chimeric proteins biosynthetically labeled with 
35 S-Methionine (Amersham, Arlington Heights, IL) were 
analyzed by Sodium Dodecylsulf ate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) with/without 2-mercaptoethanol 
(Kodak, Rochester) NY) . The IgG 3 -IGFl chimeric proteins 
were purified by affinity column as previously described 
(40) . The purity of the IgG 3 -IGFl chimeric proteins were 
determined by silver staining gel (41) and Fast 
Performance Liquid Chromatography (FPLC, Pharmacia, 
Piscataway, NJ) . 

Receptor Binding Assays: 

IM-9 cells were washed twice with 100 mM HEPES buffer 
containing 120 mM NaCl, 5 mM KC1, 1.2 mM MgS0 4 , 15mM 
Glucose, and 1% BSA , pH 7.5 (HEPES-BSA buffer), 
resusper.ded in KEPES-BSA buffer, and incubated for 1 hr 
at room temperature (36). Cells were counted and 
resuspended at a concentration . of 4 - 6 x 10 7 cells/ml. 
A 50 p.1 aliquot of this cell suspension (2 - 3 x 106 
cells) was removed and incubated with 50 jil of human IGF1 
purchased from Amgen (Thousand Oaks, CA) , IgG 3 -IGFl, IgG 3 
or buffer and 100 /xl buffer containing 1 ixl of 125 I-IGF1 
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(Amersham; 2.5 uci ,2S T-Tr— i 

s ali n e) rotatin ; at ^' o :- 2 ^ Mtmt 

duplicated. The cell, ' Sa " PleS " ere 

centrifugation In a » b » 10 ««= 

9 lon ln a microcentrifuge mn . 

supernatant (total 200 ,1) was saved 9e for "° J* «* «« 
unbound counts (8) and the ^ ' °' 
0-5 ,1 ice - cold PBS and counted ( e - J-hed with 
(Bectonan Ganuaa 5500, Fullerton, CA ) T e t " 
were normally by dividing by ^ ^^^^ 

The percent inhibitions were calculated as: 
[1-P/C2S + pj/c] x 100% 

"here C is the counts bound in the sbfi . 

competitor. absence of a 

Determi nation of ^ _ ri- u ri » • 

and 2-Dpnvy .n-r 2 _ asaasmc Acid (a TBI 
1 SI Glucose (2-nr. } ugtajce 

HEPES-BSA buffer and loo ^ WaShed with 

*«* ui;hout :::: rr-rr t 

incufcated at 3, c £or 'hr "'^ ^ ^ «* 

edded into each well (2) The „, " (*»« s han,) was 

«ith ice-cold PBS after 'a I ? * raPidly "" h ^ 

cu. lysed wit h ; \v a r "r" 10 - - ■« 

f°r «c and „ AUquots ware counted 

dateline bv T; e U ; *° ^ ~ °* ^ 

- cne BCA Protocol fPiercp rh Q „- , 
Rockford, ilj. fierce Chemical Co., 



Results 



WO 91/14438 



-41- 



PCT/US9 1/0 1844 



10 



Construction of a hybr id gene between human IaG , , and rat 
insulin-like factor 1 (IGF1) 

Experiments were undertaken to produce an antibody 
combining site joined to a growth factor so that the 
resulting molecule would retain its ability to bind to 
both antigen and the growth factor receptor. For the 
initial construction, rat insulin-like growth factor 1 
(IGF1) was chosen as the growth factor. Mature IGF1 (a 
70 amino acid protein) is formed from the IGF1 precursor 
(a 130 amino acid protein) through proteolytic processing' 
of both its leader peptide and its carboxy terminus. The 
amino acid at which the leader peptide is cleaved is a 
convenient site for joining to the Ig molecule. 
15 Preferably, the Ig molecule is human IgG 3 which has an 

extended hinge region of 62 amino acids. Further, IGF1 
was placed distal to the hinge region of human lgG3 thus 
producing a spacing which facilitates simultaneous 
antigen and receptor binding. 

20 

To facilitate construction of fused genes, a unique 
restriction site (PvuII) was generated by site directed 
mutagenesis at the 5' end of the leader sequence of the 
rat IGFl cDNA (Figure 1A) . These mutations were 
confirmed by sequencing. The human IgG 3 gene which 
contains C H 1, hinge and 4 basepairs of C H 2 exon was joined 
to the IGFl gene which in turn contains 2 basepairs of 
leader sequence, exon 2, exon 3, and exon 5. A chimeric 
constant region gene was constructed with a human 
30 IgG 3 /IGF-l chimeric constant region gene joined to a mouse 

anti-dar.syl (DNS) variable region gene cloned into a 
transf ection. vector pSV2 AHgpt (Figure IB) . The 
mouse/human k light chain specific for dansyl is 
contained in pSV184 AH neo. 



25 



35 



The strategy for the construction of IgGj-IGFl fusion gene 
was as follows (Figure 1A) . The fourth base (C) of the 
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C H 2 domain in human Ig G3 was mutated to G by site-direr i- h 

::r r i;; s ' : esuiting in the int ~» « « X 

Pvull restriction enzyme site m 

Pvun sit, was introduced I X0T1 by 1 3 ""^ 

base rn „, „ , by ch a"gmg the last 

b«e (C) of the leader sequence (Leader Sea. or LS. of 
rat ic„ cDKA to T (thymidine) . Human roc, „d L 
CDNA digested with Pvull were lifted , resultino in 
in-frame i^-xon fusion gene yithou ' » » 

amino acid substitutions. significant 

"Sure „ u , schenatic representat • 

ransfection vectors, the genetically engineered X* 
fusio , ana , and a proposed cMmeric I*, XCP 

mouse-human * light chain gene is cloned into OSV184 4H 

neo, which is derived from the pACYCls* ,„„ ! 

dacvc - P«>-<ciB4, ana contains the 

dotted box, with the S , <0 ^f ""t 6 M «"» (the 
shaded box) for select* ? Promoter (the 

*l tor selection in eucaryotic cells tk 
mouse-human Igo / rat rrp , k =ens. The 

into os« A» / ,Vy Chii " 9enes is ^°ned 

chLrfc ^ <the d0 " ed b °*> ' Boxes in the 

r: :r repre — «-»■• *- ^ black sol : 

iine a nd boxes represent nwi 

^i-iesent DNA of mouse oriain uhn A *.u 

rat IG „ o D ; Th \ :i: y *t 9enes ~— «• 

~ase open tria^ ^ ^ 

xgvr " cA or CirCle> ^ "» — 
bot tran'sfecM * <* 

panel B Th s b n i Ve r° rS ^ " ^ tet ™ « 
repr sents " „ ^ ^ ^ Chl " rte «*~<*. 

the hap'en """^ re,i ° n d ™ ^«ic for 

constant d ' ' ° P * n re9 ™ "Present the 

constant domains of human «• T - 

-.ion represents the rTt IGF1 ^ "* «— 
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Transfection of the chimeric IaG 3 -IGFl gene 

These heavy and light chain vectors were transformed into 
E - col i HB101, and the bacteria containing both vectors 
were used to transfect a non-producing myeloma cell line 
(P3X63 Ag8.653) by protoplast fusion. Alternatively, 
transfection may be effected by electroporation or the 
standard calcium phosphate precipitation method. 

Stable transfectant cells (transf ectomas) were selected- 
using G418 and the supernatants of stable transf ectomas 
were tested for the presence of an antibody protein by an 
Enzyme Linked Immunosorbent Assay (ELISA) using anti- 
human k chain antibody. Seventy-seven stable 
transfectomas secreting complete antibody molecules were 
identified and recovered for further characterization. 



The frequency of the desired transfectomas was 1.54 x 10 6 
recipient myeloma cells. These transfectomas secreted 
20 0.5-30 /xg of chimeric molecule 10 6 cells/24 hours. The 

production level of the immunoglobulin/non-immunoglobulin 
chimeric molecules is not different from that of wild 
type chimeric antibodies. 

25 Characterization of the IaG^-iGFl chimeric protein 

The secreted IgG 3 -IGFl chimeric proteins were 
biosynthetically labeled with 35 S-methionine and the 
labeled proteins were purified by immunoprecipitation 
using dansyl-BSA (dansyl; 5-dimethylamino naphthalene-l- 
sulfonyl chloride) conjugated Sepharose beads or a rabbit 
anti-human IgG Fab antiserum and IgG Sorb. Reactivity of 
the fusion proteins with dansyl-BSA demonstrated that 
they retained their ability to react with their specific 
35 antigen. SDS-PAGE analysis (Figures 2A and 2B) 

demonstrated that the stable transfectomas produce novel 
chimeric molecules. As expected, the size of these 



WO 91/14438 : ' 

PCr/US91/0i844... 



-44- 



antrbody. However, the secreted chimeric heavy chain 

appeared heteroses in size because the recioient 
ce s p ly process igfi ^^^^^ ^ en 

Zl' » , lnCO, " Plete ™^"c processing at the 
carboxy termmal of IgC ,- Krl heavy onain « ^ 

distinctive heavy chains.- a processed and an unorocess" 
heavy chain (Figure 28) . processed 

"hen the chimeric molecules assemble to form th. 

antibody molecule, assembly of two unprocessed h 
chains results in the hlghes; ^^r^ 
"lecule (top band in rigur. M) and ss * y t ^ 
processed heavy chains results in th a , 
weiaht rh^ • results m the lowest molecular 

"eight chimeric molecule (bottom band in Figure ». 
Assembly between * . figure 2A) . 

y oetween a processed and an unprocessed heavv 
chain results in intermediate sized e M„ • 
fmicMi* u ■ • sized chimeric molecule 

(middle band m Figure 2A) . The i oG -rrn 
proteins w « . I 9G 3 -IGF1 chimeric 

proteins were recognized by anti-Ten 

demonstrating that the XCP1 in J e fusl n ^ei " sHIes 
a native configuration. assumes 

*igur.s 2 * and a, represent S DS -PA GE analysis of IgC - IGF1 

Z Z P ;;r ln SeCr " ed * — — s. T he stcr 
"fLth Pr ° tein bi "»»«»tic«lly labeled with 

and rtu::r ( ;rei a r yzed under nm -—> 

protein was t "-"ion.. The labeled chimeric 

(oTs-TJ PreC1Plt " Sd " ith -ther dansyl-Seoharose 
(DNS Sepharose: left in panel A) or anti-human Ig G r' b 

: ::: s t r i9G sorb u ^ 

b sic Jl \ I9G) =hi " eriC a " tlb °^ *** - the 

control D T ° f l9Gj " ICF1 CMMriC P — in -ed as 
control. under non-reducing conditions (Pane, A) the 
three bands reores^nt- k J he 

orocessed ana ^terogeneous assembly of the 

- ocessea and unprocessed chimeric protein- und. 
reducing conditions the orocessed and 
chimeric orotein ^ ' Sed and unprocessed 

c P rot em are seen (Panel B) . 
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IgG 3 -IGFl chimeric proteins were purified from culture 
supernatants using an affinity column with 2- 
dimethylamino naphthalene-5-sulf onyl chloride (MW 269; 
dansyl isomer) coupled to AH-Sepharose 4B. Bound protein 
5 was eluted with N-5-carboxypentyl-2-dimethylamino 

naphthalene-5-sulfonamide (MW 364; dansyl isomer) and 
free hapten removed by extensive dialysis. The 
concentrated purified proteins were tetrameric and 
heterogeneous in size as expected. No other protein was 

10 observed in silver stained gel (Figure 3A) . When < 

purified chimeric proteins were fractionated by Superose- 
12 chromatography, the three heterogeneous chimeric 
proteins were eluted in a broad peak between IgGl 
chimeric antibody (murine variable region - human IgGl 

15 • constant region; M. W. 146 KDa) and IgG 3 chimeric antibody 

(murine variable region - human IgG 3 constant region; M.W. 
170 KDa (Figure 3B) . The approximate molecular weight of 
the (IgGj-IGFlJjLg chimeric protein is 160 KDa. 

20 Figure 3A illustrates purified IgG3-IGFl fusion protein 

fractionated by SDS-PAGE under non-reducing conditions 
and visualized using silver staining. Figure 3b is a 
chromatogram of the purified IgG 3 -IGFl chimeric protein 
fractionated using FPLC (Superose-12 column, flow 

25 rate:0.25 ml/min) . The elution time of IgG 3 -IGFl chimeric 

protein is 42 min. The elution of time of mouse-human 
IgG 3 chimeric antibody (170 KDa) is 40 min and that of 
IgGl chimeric antibody (146 KDa) is 45 min as indicated 
by arrows. 

30 

Binding of the IaG 3 -IGFl Chimeric Protein to the IGFl 
Receptor 

A critical attribute of the fusion protein is whether it 
35 retains its ability to bind to the IGFl receptor. To 

assess this, unlabeled recombinant human IGFl, wild type 
chimeric IgG 3 and the IgG 3 -IGF 1 chimeric protein were used 
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to inhibit the binding of 125 i-rrn k 

F1 c ° human lymohoblsc- 
M- ceils (20) . Both IGF1 and , „ J^ 1 ^ 

b nd ln , of -x.^ in a dose depend£nt the 

<>• The 50* inhibition of -r-IGPl binding occ J r J"" 

-ur e :r r r 9G p :::" n r centration ° f ^ * «• 

9 3 ISF1 ^meric protein was 0.7% as 
~«"«»t h— ICF1 in inMbiti 
KM binding. However, the wild type chimeric l gG d I d 
not show any inhibition of »i- lsri binding _ ^ ' 
concentration as high as 2.7 x 10 - „. ,„* *" " 
competition by the chimeric protein was a '==„! 
the presence of the ICF1 aoiety. ""^"ce cf 

"^ux~ri~r r biti ° n - 

3xl0 -6 Tvf a - 1 1 y»'pnocyres. Approximately 

3X10 im-9 cells were incubated at 15 -r wit-h 
amount of »i-i GP i and m ■ „ 3 COnst2nt 

unlabeled J I indicated concentration of 

unlabeled competitors (recombinant i G Fl r ar , 
chimeric protein and Tor „», ■ IgG3--GFl 
protein and lgG 3 chimeric antibody). After , 

hours of incubation, the amount of Jceptor b \ 
radioactivity was determined. values aj^ 

^rrcer^- rr ~ toLi — " 

« - -an of du^e e^r ~* ™" 

The l g c- 3 -l GF1 chioeric prote . ns ^ 

at a i,. ^ eSrly PaSSa ^ e <* 13 > and one 

t ; er p f a : s h age c — bi e ievels of binding 

with bo.h of these cell lines have been observed (data 
now shown) . The lor -Trn w a (°ata 

these eel' Jnes in " <° b ° th 

-mes m a specific manner, but th*. , 
-tibody. chiaeric IgGj , does _ blnd ^ 
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In human epidermoid carcinoma KB cells, fluid-phase 
endocytosis and exocytosis are stimulated by growth 
hormones (Insulin, Insulin-like growth factor 1, and 
epidermal growth factor); these cells possess 7.5 x 
5 loVcell Type I IGF receptors (13). Therefore, the 

ability of IgG 3 -IGFl chimeric protein to stimulate 2- 
Deoxy-D-Glucose (2-DG) and a-Aminoisobutyric acid (AI5) 
uptake (11) was investigated and compared to IGF1 and 
IgG 3 . The dose-response relationships of IgG.-IGrl 

10 chimeric protein stimulation of 2-DG and AIB uptake in K 

cells are shown in Figure 5. Based on half -maximal 4 
effective concentration, the relative potencies of IGF1 
and IgG 3 -IGFl were 200: 1 for AIB uptake and 25 - 100:1 for 
2-DG uptake- IgG 3 alone did not affect 2-DG and AIB 

15 uptake by KB cells. Therefore, the chimeric proteins 

exert the expected biological effects, but are less 
potent than the human IGF1 standard. 

Figure 5 shows the relationship between IGF1 and IgG3- 

2 0 IGF1 and their stimulatory effects on AIB and 2-DG 

uptakes in kB cells. AIB (panel A) and 2-DG (panel B) 
uptakes were determined in the presence of various 
concentrations of IGF1, IgG3-IGFl, and IgG3 as control. 

25 Discussion 

Many problems have been encountered when investigators 
have attempted to use monoclonal antibodies as 
immunotherapeutic agents. Among the problems are 
30 efficiently targeting the antibodies to tumor cells while 

leaving normal cells untouched and gaining access to 
restricted locations in the body, e.g. the brain, lymph, 
liver, kidney, lung, adrenal, skin, and pancreas. Thus, 
the subject chimeric monoclonal antibody was constructed 

3 5 to overcome these problems. The chimeric protein was 

cotransfered together with a dansyl specific chimeric 
light chain and was efficiently produced and secreted (up 
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to 30 „ g/1 o< ceU S / 2t hrs, IgGj . IGF1 chlmeric proteins 
. ~ non-producing Mrine ByelMa Thus 

;i:;r iM of these — - 

in this example, the constant region of the antibody was 
replaced with a growth factor e.g. insulin- TGri " 
and transferrin. The VH, CHI. hinge and first anin'o acid 
antih d — /hu„a„ lg Cj a„ti- d a„s yl 

antibody was :ol ned to a cDNA encoding rat Xnsulin-liL 
Growth rector X (igfi, ilM „ ediately „ £o 1 

sequence of IGF1 „u • e " 

The chimeric heavy C h=in ,- 

introduced aiong uith an anti-dans yl specLfenLr 

;eir c r 3A ;r: 5 r rrr 1 " non ~- 

y wj. The iramunoglobulin/non- 

immunoglobulin IoG -rrpi uu ^n/non- 
y uiin lgG 3 IGF1 chimeric protein was efficiently 
produced and secreted (up to 30 Mg/10 « cells/,/* 
The Tar Trn • Mg/lU Cells/24 hours). 

The igGj-iCFl chimeric proteins retain their specificity 
to the antigen dansyl and bind to the ICP1 r ,LJr S Q l 

7:: h r hoblast im - 9 ' aibeit vith — 

effects T' 10 Pr0t6inS eUCited S ° me ° f the "~ "ologL 
effects (increased glucose and amino acid uotaXe) in 
uman d id carcinoma Kfi ^ ^ ^ • > 

wiuh reduced specific activity. 

f.o, (1) the presence Qf the unproces£ed 

the large s.ze of the Ig Gj - IGF1 chimeric protein £ < 2 
conroared to IGFl r7 _, 1 Da ' 

suh^. . ' and three a "i"o acid 

substitutions xn rat IGFl compared to hu.an IGFl „ hich 
- V lead to decreased affi„ ity for the £ 
r ceptor. Although the chimeric proteins were less 
effective on a »olar besis than intact IGFl they still 

to elici. the biologic effects associated with IGFl- 
thus, demonstrating a new family of ■ 

, y ew ramil y of immunotherapeutic 

molecules targeted to growth factor receptors. 
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The novel IgG 3 -IGFl chimeric proteins retain their 
specificity for the antigen dansyl, the ability to bind 
to the IGF1 receptor with reduced affinity and the 
ability to exert some of the biologic effects of receptor 
5 binding. The reduced affinity for receptor and biologic 

activity may result from (1) the presence of the 
unprocessed IGF1 moiety thus resulting in a heterogenous 
population of IgG 3 -IGFl chimeric protein, (2) the large 
size of the IgG 3 -IGFl chimeric protein (160 KDa) compared 
10 to IGF1 (7 KDa) thus leading to decreased accessibility 

to the IGF1 receptor and decreased binding affinity; and 
(3) three amino acids substitutions in rat IGF1 compared 
to human IGF1 may lead to lower affinity for the human 
receptor. 

15 

In determining whether reduced affinity for receptor and 
biologic activity results from the presence of the 
unprocessed IGF1 moiety a second generation of proteins 
in which a stop codon is introduced at the end of the 

20 mature protein is engineered. Also, creating a size- 

reduced size Fab-IGFl chimeric facilitates the 
determination of whether reduced affinity for receptor 
and biologic activity results from the large size of the 
IgG 3 -IGFl chimeric protein (160 KDa) compared to IGF1 (7 

25 KDa) . Moreover, altering three amino acids in rat IGF1 

as compared to human IGF1 by site-directed mutagenesis 
additionally facilitates the determination of whether the 
reduced affinity is from the three amino acid 
substitutions. 

30 

The flexibility and accessibility of IGF1 also play an 
important role in the chimeric protein. The IGF1 moiety 
was disposed close to the carboxy terminal of the 
extended hinge of human IgG 3 . IgG. is the most flexible 
35 human IgG (61) . Accordingly, this flexibility optimize 

the ability to simultaneously bind the IGF1 receptor and 
antigen. However, the position of IGF1 immediately 
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carboxy terminal to i-h<=> w ■ 

into contact with e «h oT '7" "* KTl • o1 ««« 

Ending. The B ol ul e s I"/ nte " ered 

on a o-straod in c 2 2 " d t T * I6 » 

- v d0Mins ^ i s : »»• — 

Places the two IGF! Pieties at so"! h " thl « 

— - t hereby improves t^-^^r,-" 
-it: lorrrirrr iy — — 

charged and iarger tL "* 

K" receotor and / ° tM! b,ni ! W^. lly to tlle 

«;vvr:r ain endothauai »»• 

«i3 is the time in hours a,r ""^ """"" the * 

* the , injected dose o r ^T" "* ^ " " iS 
construct. PigU ra X1 shous £ t ^Jf; 16 ' 1 ="^0 
animal nodel the IgG3-l GF l j"! ln ^ctio„ i„ , rat 

and persisted in brain T construct was' found 

"PUiar. ^Z^ri^^ - the 
crossed the BBB. chimeric construct 



10 



WO 91/14438 PCT/US91/01844 

-51- 

EXAHPLE 2 
A . METHODS 

5 Construction of chimeric fusion genes 

Antibody molecules with a combining specificity, a growth 
factor to target to receptor-bearing cells, and immune 
effector functions contained in one molecule and antibody 
molecules with bifunctional combining specificities 
belong to a family of multi-functional chimeric 
antibodies which are directed to targeting therapy to 
malignant cells. 

15 A suitable protocol to create a family of 

multi-functional chimeric antibodies is: 

a. Create antibodies having a variable region from 
dansyl (DNS) specific hybridomas which have the advantage 
of high binding affinity. Alternatively, use 

20 anti-dextran variable (V) regions or domains having 

anti-tumor specificities. 

b. Incorporate DNS-Cephalin into the cell membrane of 
eukaryotic cells so as to simulate cell surface markers 
(8) . 

25 c. Use the human constant regions of IgG 1 and IgG 3 , both 

of which bind the high affinity Fc receptor and activate 
complement, 

d. Use IGF1, IGF2, insulin and transferrin as 
replacements for at least a portion of the F c region of 

30 the heavy chain (see Example 1) . 

e. Substitute IGF1 and insulin into the Fc of anti-DNS 
or anti-tumor chimeric IgG 3 to produce: 



V DNS/anti- tumor specificity hinge IGF 



35 



V D*S/anti-umor specificity " C H 1 " ^ge - insulin 



WO 91/14438 



-52- 



PCT/US91/01844 



Preferably use Igc, £or the immunoglobulin 

because of lt s extended hinge region allows the moleou"! 

L r ct; r t : ie i; ibiuty and fa=iutates bi — - ^ « 

racor to its receptor. 

Molecules capable of recruiting human effector functions 



ONS/anti-tunor specificity " V " hinge - C H 2 - ligand 

DWS/anti-tLDor specificity " C H 1 " hinge - C2 Cl - . 

C H 2 contains the binding site for the high . ffln<ty . c 
receptor and for ciq. "txnity Fc 

Gene TraTuf.^j^ 

The Edified transfection vectors developed bv oi and 
Morrison (45) were used. insert th. 
chimeric ig/receptor ligand gene Tnto tH """"^ 
vector (P SV 24 „gp t) , . d I riva !; n ; o 7° v th ; "-section 
contains the pBR322 origin o£ ^ ' ^ "-gpt 

aapicillin resistant gene for selection in E col " 
the ^ gene for selection in eu*aryotic 

Clone the mouse/human light chimeric gene into the light 
chain vector (P SV1 844 „ nsa) , , deriv „ ive ~ 
plasmio, which contains the nACYC . P*cyc184 

a chloramphenicol resistant gene 7 repli "«°" 
coli a ,- resistant gene for selection in E. 

SHI-, a... u» ^ gene for selection in euKaryotic ceU^ 

Transform those plasmids into E^coli. Sel ec- -he 

une ;ro P :rrsir ( r;;r od r 9 

. lor , v N9,58). Alternatively use 

electroporation or calcium phosphate precipitation ' 
introduce DKA into nyelona ^ ^ ' "potion to 
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Isolate stable transf ectomas using selectible drug 
markers. Screen the culture supernatant of stable 
transf ectomas by ELISA using any of the antigen dansyl, 
anti-idiotypic antibody, human k chain or anti-ligand 
5 antibodies to identify clones secreting high levels of 

the chimeric antibodies. 

Analysis of Transf ectomas . 

10 Expression of chimeric genes require efficient 

transcription, proper RNA processing, and exportation 
from the nucleus, so that the mRNA is stable and 
translated, and that the protein product is properly 
processed through the cell and is secreted without being 

15 degraded in the cytoplasm or in the medium. 

To study expression of transfected genes analyze the 
total RNA from stable transf ectomas on Northern blots 
using probes specific for various regions of the 
transfected gene (mouse V H probe, human IgG 3 C H 1 probe, 
and ligand probe) . 



20 



Further, to analyze the cytoplasmic and secreted chimeric 
proteins label selected transf ectomas with 
25 Z >S — methionine, after which purify the labeled proteins 

by immunoprecipitation using dansyl conjugated beads, 
anti-idiotypic antibody conjugated beads or anti-ligand 
antibody conjugated beads. 

30 Analyze these precipitated proteins by SDS-polyacry lamide 

gel electrophoresis under reducing and non-reducing 
conditions. Isolate large quantities of protein from 
either • culture supernatants or from ascitic fluid of 
tumor bearing mice. Determine whether transf ectomas 

35 remain tumorigenic. 



Characterization of chimeric fusion molecules 
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rncubatin, the chimeric fusion *°"«"»»> 

concentrations after allowing s U f fici e nt t """^ 
antibody to bind to the p urtlcle "t time for the 

»onocyte-l ike cell Une W y T^T *" 

receptors. „ as h the ce Is r hl *"«'«»ity 
a-nsya oo„ juga ted with B-galactos 
antrgen-antibody reaction to reach eguilib' • 
the unbound anti g en by centrifug^ ',T ^ • 
sucrose pad. Spectrophotometry^ deter ^ ' 

bound Igc-6-cal .ft., , u determine amount of 

rr o-nitro^VTrto^ra;: 11 ; - - 

absorbance at 420 nm. Using scatch ! the 
the apparent associatio 'of the ^TT'* 
receptor and the number of receptors" "* "* 

chimeric proteins without a col in - 

^ansyl and either determine Tr^ZZ"^ £ " 
-Uity of recombinant protein to 

activation according to oi « ,' complement 
coupled to BSA as antigen fjL , 3 ' ' USi " 9 dans ' 1 

cr appropriate antigen , a "i-da„s yl chimerics 

specificity. HlxMt. h C " meriCS ° f di ««ent 

a-unt of chimeric " lon'tr V 3 
fluted dansyl- BSA " „ bo « ? ""' " rU ">' 

incubate , ixtu .. " b ° ttOBed "icrotiter wells 



fixture. AftPr i- < . wexis. 

sensitized and »«cr ™h i ° n ' ^ hem °^^n- 

cr-radiolabeled red ^ 

nuxture, continue incubation „ CSUs to 

^°od cells. r T ' ^ P6llet Unl ^* red 



radioacti^itv" in a ^inttn 'T™'"*- count 
consumption Is calculated as " ^—t 

U ' CPm ° f ^ +A —)/cp m of (Ab+c , n X10Q| 
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£lz Clg bind ing assay . Coat flexible microtiter plates 

with dansyl-BSA then incubate with saturating amounts of 
anti-dansyl chimeric fusion molecules. For antibodies 
with different specificities use appropriate antigen to 
coat the microtiter plate. Wash plates and allow several 
dilutions of 125 I-labeled human Clq to bind the Ag-Ab 
complex. After washing, cut the wells out of the plates 
and counted in a gamma counter (62). 



^ Sensitivity to p roteases . Digest chimeric fusion 

molecules with a variety of proteases, e. g. papain! 
pronase, trypsin, or pepsin. Allow digestions to occur 
for varying lengths of time (from 4 hours up to 2 4 
hours) . Analyze the degree of digestion of the 
15 protease-treated chimeric fusion molecules using SDS-PAGE 

and determine the amount of color released by enzyme 
labeling by scanning the stained gel with a 
spectrophotometer. 

20 ^ Determination of serum half-life of chimeric fusion 

molecules. In order to understand how the 

immunoglobulin/non-immunoglobulin chimeric fusion 
molecules behave under in vivo conditions, compare the 
half-lives of the immunoglobulin/non-immunoglobulin 

25 molecules and the chimeric mouse-human immunoglobulin 

molecules to determine the role of the constant region in 
determining half-life (62) . 

Intravenously inject purified radioactive chimeric 
30 molecules through the mouse tail vein and periodically 

bleed the mice into heparinized capillary pipets. Using 
35 S-methionine biosynthetically label the proteins so that 
the labeling procedure will not alter the structure of 
the proiein and thereby affect its metabolism. Collect 
35 blood and determine the radioactivity both before and 

after i^munoprecipitation . Calculate the serum half-life 
of each chimeric molecule. 
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To determine whether the molecules exert anv m , • 
effect * „ exert any biological 

effect, e . g . antibody-dependent cell- mediated 
cytotoxicity (ADCC, of target cells f571 e 

, , <-ej.xs (57) couple the 

target cells, i.e. 3T3-L1, im-9 anrf v 

xi. y ana K-o62, wit-h hmc 

Cr chromate. obtain human peripheral blooH 

, . ^ y " erai oiood mononuclea'- 

cells from healthy donors and prepare hun,™ • 
. , , h'-tepsre numan peripheral 

blood mononuclear cells hv P ral 

ilizl it rr re of s% ■ — 

suspension. After centrifugati / n ^ ""-^ 

remove buffv coat aT ,^ ,• ^ min ' 
ouxry coat and incubate it for 4 hrs at 17T < 

humidified atmosphere of 8% CO -air a«- 

at 600 xg for io min 2 centrif ugat ion 

*g ^r io mm remove and count an aliauot of 
supernatant from each sample. Calculate the n 
specific "Cr release as: Percentage 

Percent release = lOOXKtesr r*i™ , 

, " ' ""»'»»«» "I— >1/K«,.. ,„„«„„,„ . 

«ltift.. ekl on.l nolecules in targeting cells for ADCC end 
t m ° di£i "«™ '« • «.« elective c„ 1B e 



Binding , f emii„ ie 



°n aauages to Liaana „-_ pt M 

ident l£ .ed on brai n Wood vessels ootn (M) and 
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in vitro (16), isolated brain microvessels have been used 
as a model system to test for binding and internalization 
of those ligands (16, 17, 18, 49). However those 
receptors also occur on non-brain cells. In particular 
the cultured human lymphoblast cell line IM-9 expresses 
large numbers of IGF1 receptors (52). The adipose cell 
line 3T3-LI expresses large numbers of insulin recentors 
(50, 53, 54) and the human chronic myelogenous leukemia 
cell line K-562 expresses large numbers of transferrin 
receptors (63,66). 



Carry out initial binding studies (16) of chimeric fusion 
molecules onto receptors at 15 °C with the cultured cell 
lines (IM-9, 3T3-LI, and K562) and purified radioactive 

15 chimeric molecules. Only a small amount of ligand bound 

to receptor is internalized at 15 'C. To determine 
non-specific binding, prepare reactions identically 
except for the addition of a high concentration (100 
Mg/nl) of unlabeled ligands. Withdraw aliquots 

20 periodically, determine the radioactivity of the pellets, 

and assay the amount of protein in each pellet by the 
method of Lowry (34). Carry out a competitive 
displacement experiment with the purified chimeric 
molecules and the appropriate dilution of unlabeled 

25 ligands. Monitor ligand degradation by precipitation in 

10% TCA. From all these experiments, analyze the 
specific binding of the ligand moiety of the chimeric 
fusion molecules to their receptors. 

30 when necessary to isolate brain endothelial cells to 

study endothelial transcytosis , first produce 
microvessels and then separate the endothelial cells. 
Isolate brain microvessels from mouse, rat, and/or rabbit: 
using mechanical homogenizat ion (6, 48). These 

35 preparations do not always exclude trypan blue. These 

preparation are metabolically active and have been 
studied with respect to glucose, lactate, and fattv acid 
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metabolism in v itro ck rn\ 

cells r 7 2 1 V CUltUrS end °theliai 

cells (7, 2 , 29) clean cortical t . ssue from 

meninges and superficial blood vessels »« 
proper „ eii c0ntaini „ 9 ^ ^ 

oo; r*ri endotheiiai « us by «- ifugation a 

1,000 g for 1 mlnute . Suspend th u 

containing 13% dextr.n <, "ledium 

9 rj. dextran. Separate microvessels f- n , „. k 
brain tissue by centrifugation of the 
*."0 g for x. Minutes. To re„ov e the ba m ' im " 
•nd *ost pericytes treat th Irolss 7*"" 
--our treatment rtth collagen^e^ , 

: o^ss™;;"" i - 000 " for 20 — -p.- 

rovessels m medium, and keep suspension in t 
nitrogen until use M1t pension m liquid 

^Pension through" a ST,/^ £ TT^ 

HIT'™ material - *» — » -ove e T 

top layer of these cells and pellet th. , ■ 

Suspend the pellet and refilter lt th " US ' 
-sh. Ketain the endothelial C eu in theTe k " "^^ 
the endothelial cells in a e C ° lle " 

« « l.. - ca and 5% bsa Allow the slTf 9 " * 

»-ove the top x. .1 and centrifuge t 

suspension. Plate th. « n t • remaining 

ive reaction for Factor VIII antigen. 
Processing of jound.Comalexes 

MTc CTi^ receptor wm be 

Place , ssess th • internalization takes 

purified , lnt «™"»tio„ (endocytosis, of th . 

Punfieo chimeric fusion molecules with an acid 

technique (is 2 7 ^ „ Q » acid-wash 

v<th t«c. , } * the Cultu "d cells 

v.th trace amounts of the purified radioactive in- 
fusion molecules at n-r aaioactive chimeric 

at 37 c. withdraw aliquots, quickly 
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count the pellets and resuspend it in ice-cold pH 3 
barbital buffer. Acid-wash the pellets and then recount 
and assay it for the amount of protein. Acid washing 
removes the bound but not internalized proteins. Analyze 
5 both bound and internalized proteins by SDS-.PAGE to 

determine whether degradation had taken place. 

To determine the externalization (exocytosis) of the 
purified radioactive chimeric fusion molecules, 

0 reincubate the cells, after internalization at 37 # c, in 

the presence of unlabeled ligands, to allow the 
surface-bound chimeric fusion molecules to be 
internalized or displaced from their receptor. Wash and 
rewash the cells and the resuspend them in fresh assay 

5 buffer, containing unlabelled ligands to prevent 

rebinding and incubate at 37*C. Withdraw aliquots 
periodically and count and assay pellets for amount of 
protein. Assay externalized protein by SDS-PAGE to 
determine whether the protein is intact. 

0 

For transcytosis studies involving rabbits, mice, and 
rats. Use experimental protocol similar to those which 
have been described (17). Inject the purified 

radioactive ( 35 S-methionine) chimeric molecules through 

5 the carotid artery, and decapitate animals after 15 

seconds, sufficient time for a single passage through the 
brain (17). Rapidly remove the ipsilateral hemisphere, 
homogenize it through a needle, dissolve, and 
simultaneously count the ipsilateral hemisphere for 35 S 

j and 3 H. From these results, calculate the brain uptake 

index (BUI) . 

Further, procure the CSF from the subarachnoid space or 
the cisterr.a magna in anesthetized animals. Obtain blood 
> from the same animals by cardiac puncture. Determine 

brain chimeric molecule levels by the method of Frank et 
al. (17). Determine the levels of chimeric fusion 
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molecules in the CSr and the blood by radioimmunoassav 
using dansyl hapten or anti-idiotypic antibody. BUI ana 
chimera molecule levels in serum, brain, and . CSf 
indxoative of whether chimeric molecules pass through the 
blood-bram barrier inviyo. 




To examine the intracellular targeting site of chi„~ic 
fusion molecules, analyze several subcellular tract- on, 

W »TT h ", ^ SOniCa " 0n aft " int «-"-tio"„ of ' 
tm . I - labsled chimeric fusion molecule into 3 t,. l , 
IM- and K-5S 2 cells coupled with DNS . p.-^Z, 
differential centrifugation to obtain nucl.ar/olasL 
*e*brane ( Muc,F., fraction; Mitochondria (Mit) tl i cti ™ 
h t gh density nicroso.es (H. Micro, fraction, low dens it ; 

^n^rr and the cyt ° s ° uc — — - 

Count each fraction by TCA precipitation. Furthermore 
analyze the chimeric fusion molecules by SDS-Jgh to 
determine the location of intracellular target s/tes a 
to determine whether any degradation has taken olac- 

nalyze the purity of each fraction by determining 
enzymes whicn were present. Us e 5 ■ -nucleotidase' and 
Adenylate cyclase as a plasma membran'e marker 
Rotenone-insensitive MADH-cytochrome c reductase an' 
^cose-s-phosphate phosphatase as an 
retro 1 marker ^ „ ^ ■ 

Colgi apparatus marker in L. Micro and citrate synthase 
as a mitochondrial marker. yntnase 

ilu al r n " iVe aPPr ° aCh t0 CeUuUr ^"ionation 
rmmunoh.stochemical analysis and electron microscooy 
-der to identify the subcellular localization oz Z 
chimeric fusion molecules (14). 



-61- 



PCT/US91/01&44 



EXAMPLE 3 

The first two domains of CD4 have been joined to IGF1 
(Figure 9) . The fusion protein was synthesized and 
5 secreted. 

Mutagenesis of CD4 

Convenient sites were created in the CD4 cDNA to allow 
10 the two, NH2 terminal, extracellular domains of CD4 tc be 

ligated into the proposed construct. 

5' CD 4 

15 A Bal I site was created upstream of the translation 

start site. 

Met Asn Arg Gly 
5 ! ...TTC CTC CCT CGG CAA GGC CACA ATG AAC CGG GGA...3' 

* 

Primer 3 1 . . . GGA GCC GTA CCG GTGT TAG T. . . 

Bal I 

3 ! CD4 

25 

A Sea I site was created one base after the codon for 
Glutamine 114. 

Gin Gin Gly Ser Leu Thr Leu Thr Leu Glu 
3 0 5 ! ...CAG GGG CAG AGC CTG ACC CTG ACC TTG GAG 

* * * 

Ser Pro 

AGC CCC. . . 3 ' 




35 



Primer 3'... CCC GTC ATG AAC TGG GAC TG . . . 5 1 

Sea I 
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The resultant CD4 fragment will contain the 23 . 

.«d. of the leader peptide and the first nf a 

Of the nature protein, one additional has 

^ enda of this f^ent win e^^J..? 

or CD4 and glycine l of igfi mu M . 
codon of the c-t-e^s , The first 

or the c terminal propeptide of i GF i ha* k 
replaced with a stop codon. bSSn 



Construction of CD4-Tnvi 



Following the mutagenesis in pBluescr<pt of CD4 t 
the 3- sea I site rr-i , to creat e 

between this Sea" £ ~ ^ ^ 

linker thu, ^ HI Site in th. poly 

linker, thus removing all downstream regions of cZ 
(Figure 9). The IGFI insert ro^ • 4 
f ro„ two hase pairs oefor, the 7irT ? ^ 
P~tein through a strin, JZ^LTj^ ~ 

^r.^r-rv 00 bp ° f *• - — -~ 

Po» A si 9 nal it 'oontaL 1 ;. 3 ^Z^l^ <°< «» 
wither or not this re g ion ITnTloZUT" '," " 
•W. Within the 3. UT reoion of IGFI are th T " * 
signal u*e fences AATGAAA and AAGTAAA I J " 

-ses down^ea r "^^^ -cut 40 

constructs contain only these ll 

expressed normally. ? ^ iPPe " to be 

The final construct encodes the ji 

and first in ■„ " Un ° acxd Propeptide 

iISu 114 residues of CD4 a f K> . 
entire 70 -=sicues of „ , threonine, and the 

^ blCUes of mature IGFI . 



propter ; s in^r: doi ~ •< » ^ 

-••-s piasmid also container a K 

ains a heavy chain 
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enhancer as well as the pSV2-gpt selectable n>arke^ 
(Figure 10) . 
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Example 4 

An antibody has been produced in which transferrin is 
joined to a mouse/human IgG3 chimeric anti-dansyl heavy 
chain immediately following the hinge region (Figure 10) . 
This fusion protein assembles with the light chain and is 
secreted as an molecule. 
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Human IL-2 has been cloned using PCR technology with IL-2 
specific oligomers. Cloned IL-2 was joined to a 
mouse/human IgG chimeric anti-dansyl heavy chain 
immediately following the hinge region using the methods 
described herein (Figure 7). This fusion heavy chain 
assembles with light chain and is secreted as an H.L, 
molecule. Figure 8 shows that the IL-2 fusion protein, 
designated TU2 has activity. Culture supernatants froij 
a murine myeloma cell line transfectant synthesizing this 
protein will support the growth of an IL-2 dependent T 
cell line. Culture supernatants from the un-transf ected 
myeloma cell line or from the myeloma cell line 
transfected with a chimeric Ig lacking IL-2 failed to 
support growth. 
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What is claimed is: 

A Edified chimeric raonoclonal ant . bo 

comprising two molecules of each of two different 
Polypeptides, the shorter of which functions as 
^he light chains of the antibody and the longer 
of which polypeptides function as the heavv 
chains of the antibody, each polypeptide which 

iUnCa ° nS 35 3 he ^ having . variable 

region characteristic of a first mammal and a 
con Sta t region cnaracteristic Qf a £econd 

and each polypeptide which functions as a liaht 
chain having a variable region characteristic of 
a mammal and a constant region characteristic of 
a mammal, wherein a receptor-binding i igand 
r f " leaSt 3 ^^ion of the cons ! ant 
--gxon of each of the polypeptides which function 
as .he heavy chains of the antibody. 

™* m ° dified Chira -- -noclonal antibody of 
claim 1, wnerein tne var . able reg . on 

constant region of the light chain are both 
characteristic of the second mammal. 

3- The modified chimeric monoclonal antibody of 

claim i, wherein the var . able a ^ 

constant region of the light chain are both 
cnaracteristic of the first mammal. 

The modified chimeric monoclonal antibody of 
c.aia 1, wherein the variable region of the light 
cnam is characteristic of either the first or 
"I: 5 ""'.™ 1 and the — tant region of the 
" CharaCterist - of the other 



"WO 01/14438 



-73- 



PCT/US9 1/0 1844 



5. The modified chimeric monoclonal antibody of 

claims i, wherein the first mammal is mouse and 
the second mammal is human.. 

5 6. The modified chimeric monoclonal antibody of 

claims 1, wherein the first mammal is human and 
the second mammal is mouse. 

7. The chimeric monoclonal antibody of claims 1 

Wh6rein the "ceptor-binding ligand comprises a 
growth factor. 

3. The chimeric monoclonal antibody of claim 7 

wherein the growth factor comprises insulin. 



15 



20 10 . 



25 



30 



The chimeric monoclonal antibody of claim 7 
wherein the growth factor comprises insulin-like 
growth factor. 

The chimeric monoclonal antibody of claim 9 
wherein the insulin-like growth factor comprises 
insulin growth factor 1. 

The chimeric monoclonal antibody of claim 9 
wherein the insulin-like growth factor comprises 
insulin growth factor 2. 

12. The chimeric monoclonal antibody of claim 7, 
wherein the growth factor comprises platelet- 
derived growth factor. 



11. 



13 



35 



The chimeric monoclonal antibody of claim 7 
wherein the growth factor comprises epidermal 
growth factor. 
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The chimeric monoclonal antibody of claim 7, 
wherein the growth factor comprises transforming 
growth factor. 

The chimeric monoclonal antibody of claim 14, 
wherein the transforming growth factor comprises 
transforming growth factor-a. 

The chimeric monoclonal antibody of claim 14, 
wherein the transforming growth factor comprises « 
a transforming growth factor-5. 

The chimeric monoclonal antibody of claim 16, 
wherein the transforming growth factor 6 
comprises transforming growth factor-fll. 

The chimeric monoclonal antibody of claim 16, 
wherein the transforming growth factor fi 
comprises transforming growth factor-62. 

The chimeric monoclonal antibody of claim 16, 
wherein the transforming growth factor fi 
comprises transforming growth factor-B3. 

The chimeric monoclonal antibody of claim 7, 
wherein the growth factor comprises a nerve 
growth factor. 

The chimeric monoclonal antibody of claim 7, 
wherein the growth factor comprises growth 
hormone . 

The chimeric monoclonal antibody of claim 7, 
wherein the growth factor comprises a growth 
hormone releasing factor. 
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The chimeric monoclonal antibody of claim 1, 
wherein the receptor-binding ligand comprises 
tumor necrosis factor. 

The chimeric monoclonal antibody of claim 1, 
wherein the receptor-binding ligand comprises 
transferrin. 

The chimeric monoclonal antibody of claims 1, 
wherein the receptor-binding ligand comprises a 4 
lymphokine. 

The chimeric monoclonal antibody of claim 25, 
wherein the lymphokine is selected from the group 
consisting of macrophage inhibition factor, 
leukocyte migration inhibition factor, macrophage 
activating factor, macrophage cytotoxicity 
factor, interleukin-1, interleukin-2, 
interleukin-3 , interleukin-4 , interleukin-5 , 
interleukin-6 , interleukin-7 , lymphotoxin , 
monocyte-derived lymphocyte activating factor, 
and T helper cell replacing factor. 

The chimeric monoclonal antibody of claim 1, 
wherein the antibody is an IgG antibody. 

The chimeric monoclonal antibody of claim 1, 
wherein the antibody is an IgA antibody. 

The chimeric monoclonal antibody of claim 1, 
wherein the antibody is an IgD antibody. 

The chimeric monoclonal antibody of claim 1, 
wherein the antibody is in IgE antibody. 



The chimeric monoclonal antibody of claim , 
wherein the antibody i s an l,„ antibody. 

The chimeric monodonal antibody of clain , 
"herein the variabie region of the polyoeotid s 
comprise a domain of T cell receptor. 

The chimeric monoclonal antibody of claim , 
wherein the variable region of the polyoe^des 
comprise a domain of a MHC antigen. ' 

The chimeric monoclonal antibody of olain 3 , 
wherein the „HC antigen is an HLA antigen 

The chimeric monoclonal antibodv of elain ,~ 
wherein the KHC antigen is an H- 2 antigen ^ 

The chimeric monoclonal antibody of clain , 
wnerein the variable region of *„ ' 
c=mo-is. a i4 • the P 0l yP«Ptides 

«»P-ise a domam of a surface glycoproteins co< . 

w'hereirtr' m ° n0Cl0nal antib ° dy ° f 

wnere.n the variable region of the oolyoeotides 

emprise a domain of surface glycoproteins^ 

Ah ^unoiogically reactive complex comprising 
two deferent polypeptides, the shorter of which 
junctions as a l ight cnain a „ d ^ h >= 

wnich functions as a heavy chain -h. , 
wr<ch f,m«.- * Polypeptide 

a -cn functions as the heavy chain ha , 

and I 8 7 10n Ch « a ««i«- cf a first mall 
«* a constant region characteristic of a second 

*r an t the P — — functions as t 
--5h. chain having a variaMe 

o --eristic of a mammal end a constant 
characteristic of a second mammal. „herei n a 
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receptor-binding ligand replaces at least a 
portion of a constant region of one of the 
polypeptides. 

5 39. The immunologically reactive complex of claim 33, 

wherein the first mammal is mouse and the second 
mammal is human. 

40. The immunologically reactive complex of claim 38, 
10 wherein the first mammal is human and the second 

mammal is mouse . 

41. An immunologically reactive complex of claim 38, 
wherein the variable region and the constant 

15 region of the light chain are both characteristic 

of the second mammal. 

42. An immunologically reactive complex of claim 38, 
wherein the variable region and the constant 

20 region of the light chain are both characteristic 

of the first mammal, 

43. An immunologically reactive complex of claim 38, 
wherein the variable region of the light chain is 

25 characteristic of either the first or the second 

mammal and the constant region of the light chain 
is characteristic of the other mammal. 

44. An immunologically reactive complex of claim 38, 
30 wherein the receptor-binding ligand replaces at 

least a portion of the constant region of the 
polypeptide which functions as the light chain. 

45. An immunologically reactive complex of claim 33, 
35 wherein the receptor-binding ligand replaces at 
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least a portion of the constant region of the 
Polypeptide which functions as the heavy chain 

The immunologically reactive co,pl„ o£ claim n, 

orolh f ; reCePt ° r - bindi "* comprises a 

growth factor. 



. T he e rirth l09iCany r "" iVe " mPleX ° f «■ 
wherern the growth factor comprises insulin. 

The immunologically reactive complex of claim <e 
"herein the growth factor comprises insulin- U *e 
growth factor. 

The immunologically reactive complex of claim „. 
™erein the insulin-li*e growth factor comorise 
insulin growth factor 1. Prises 



The immunologically reactive co mpl ex of =l, im 48 
wherein the insulin-like growth factor 
insulin growth factor 2. 

wherein the growth factor co.prises platelet- 
aerived growth factor. 

w T h«ir n t°h io9icany reaetive co " pi - °* ^ ». 



53. 



The ideologically reactive complex of clai, 



"::; in f th : 9rowth factor ™ ses ^;:;zz q 

growth factor. 
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The immunologically reactive complex of claim 53, 
wherein the transforming growth factor comprises 
transforming growth factor-a. 

The immunologically reactive complex of claim 53, 
wherein the transforming growth factor comprises 
a transforming growth factor-5. 

The immunologically reactive complex of claim 55, 
wherein the transforming growth factor 6 4 * 
comprises transforming growth factor-Bl. 

The immunologically reactive complex of claim 55, 
wherein the transforming growth factor B 
comprises transforming growth factor-62. 

The immunologically reactive complex of claim 55, 
wherein the transforming growth factor B 
comprises transforming growth factor-B3. 

The immunologically reactive complex of claim 38,. 
wherein the growth factor comprises a nerve 
growth factor. 

The immunologically reactive complex of claim 38, 
wherein the growth factor comprises growth 
hormone. 

The immunologically reactive complex of claim 60, 
wherein the growth hormone comprises a growth 
hormone releasing factor. 

The immunologically reactive complex of claim 38, 
wherein the receptor-binding ligand comprises 
tumor necrosis factor. 
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63. 



64, 



The immunologically reactive complex of , ■ 
wherein the >. <-°mp.Lex of claim 33, 

«m the receptor-binding liaanH 
transferrin. ^gana comprises 

The immunologically reac*i Vo 

lymphokine. 9 comprises a 



65. 

10 



35 



The immunologically reactive ccmpUx of ■ 
"herein the lysine is selected f 
consisting of mecrophac. inh i bt 9rOU ° 
leucocyte ,i 5ratlon J^TtiJ^^ ^ 
activating factor. M oro ph ag 

fa "° r ' int.rl.ukin-!. ! Bt . , °" y 
inten.uWn-3, i„terleu*i '»^"*in- 2 , 

int.rleuMn-s, interleukin.; "IT""' 5 ' 
monocyte-derived ly,.p hocvt . ae ' ^otoxin , 
end T helper cell „„i ac -"at in g factor, 

per ceil replacing factor. 

"herein the variable regions of t h . , 
-Prise a domain of a r c^ l °^ 1 ^ yWtia ". 

-Prise a ^ — 

The immunologically reactive comolex of .1 ■ 
wherein the , piex of claim 67, 

the khc ant lgen is an HLA antigen _ 

The immunologically reactive comolex of clain 6 - 
^eremthe MHC antigen is an H _ 2 ant ^ ' 

The immunologically reactive comolex of ,1 ■ 
vherein the variable regions of th * 

-prise a domain of a surface oi^ 

surrace glycoproteins CD4 . 
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71. The immunologically reactive complex of claim 33, 

wherein the variable regions comprise a domain of 
a surface glycoproteins CD8 . 

5 72. A chimeric polypeptide capable of functioning as 

a heavy chain of an antibody comprising a 
variable region characteristic of a first mammal 
and a constant region characteristic of a second 
mammal, wherein a receptor-binding ligand 
10 replaces at least a portion of the constant 4 ' 

region of the polypeptide. 

73. A chimeric polypeptide capable of functioning as 

a light chain of .an antibody comprising a 
15 variable region characteristic of a first mammal 

and a constant region characteristic of a second 
mammal, wherein a receptor-binding ligand 
replaces at least a portion of the constant 
region of the polypeptide. 



20 



74. The chimeric polypeptide of any of claims 72 or 

73, wherein the first mammal is human and the 
second mammal is mouse. 
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The chimeric polypeptide of any of claims 72 or 
73, wherein the first mammal is mouse and the 
second mammal is human. 



76. A nucleic acid molecule encoding the chimeric 
polypeptide of any of claims 72 or 73. 

77. An expression vector for producing the chimeric 
polypeptide of claims 72 or 73 comprising a 
nucleic acid encoding the chimeric polypeptide 
ana suitable regulatory elements positioned 
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within the vector so as to permit exprgssion 
the polypeptide in a suitable host. 

A modified chimeric monoclonal antibody of clain 
1 to which a moiety is attached. 

w^ertr 0 m0n ° Cl0nal antib ° dy ° f ^ 
wherein the moiety comprises a drug. 

The chimeric monoclonal antibody of claim 70 
wherein the drug is a cytotoxic agent. ' 

The chimeric monoclonal antibody of cla^n 8 o 
wherein the cytotoxic • ' 

7 r ° Xlc a ? ent is methotrexate. 

The chimeric monoclonal antibody of claim Rn 
wherein the cytotoxic agent is a toxin ' 

cla e im ra0d 7 f ^ ChlmeriC m ° n0Cl0nal -ntibody of 
detectable^' ' 

The chimeric monoclonal antibody of claim 83 
"herein the detectable ^ » « » S3 

fluorophore, a chromophore, , ne ^ a 

paramagnetic isotope, or a radioisotope. 

" ' Ijerlr"""" 1 C ° mi °" «»Priein 9 a 
chimenc monoclonal antibody of claim 79 in an 

t e d and a phar „ 



A method of producin, a modified chimeric 
monoclonal antibody „ hicn comprises: 
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(C) 



a) cotransfecting a suitable/nonantibody- 
producing host cell with two expression 
plasmids, (i) one of which encodes a 
polypeptide capable of functioning as the 
heavy chain of the antibody and having a 
variable region characteristic of a first 
mammal and a constant region characteristic 
of a second mammal, wherein a receptor- 
binding ligand replaces at least a portion 
of the constant region of the heavy chain, 
polypeptide and (ii) the other of which' 
encodes a polypeptide capable of functioning 
as the light chain of the antibody and 
having a variable region characteristic of 
a mammal and a constant region 
characteristic of a mammal; 
(b) treating the cotransf ected host cell so as 
to effect expression of the polypeptides 
encoded by the plasmids and formation of the 
chimeric monoclonal antibody within the host 
cell and excretion into the culture medium 
of the antibody by the host cell; and 
recovering the resulting excreted chimeric 
monoclonal antibody, from the culture 
medium. 



A method of producing a modified chimeric 

monoclonal antibody which comprises: 

a) cotransfecting a suitable/nonant ibody- 
producing host cell with an expression 
plasmid which encodes (i) a polypeptide 
capable of functioning as the heavy chain of 
the antibody and having a variable region 
characteristic of a first mammal and a 
constant region characteristic of a second 
mammal, wherein a receptor-binding ligand 
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(b) 



(c) 



replaces at least a portion of the constant 
region of the heavy chain polypeptide and 
(ii) a polypeptide capable of functioning 
as the light chain of the antibody and 
having both a variable region characteristic 
of a mammal and a constant region 
characteristic of a mammal; 

treating the cotransf ected host cell so as 
to effect expression of the polypeptides 
encoded by the plasmid and formation of the 
chimeric monoclonal antibody within the host 
cell and excretion into the culture medium 
of the antibody by the host cell; and 
recovering the resulting excreted chimeric 
monoclonal antibody, from the culture 
medium. 



The method of any of claims 86 or 37, wherein the 
suitable, nonantibody-producing host cell is a 
human cell. 



The method of any of claims 86 or 87, wherein the 
suitable, nonantibody-producing host cell is a 
murine cell. 

The method of claim 88, wherein the human cell is 
a myeloma cell. 

A method of delivering a drug to a cell having a 
receptor for a growth factor on surface which 
comprises contacting the cell with the chimeric 
monoclonal antibody of claim 79, wherein the 
receptor-binding ligand of the antibody comprises 
the growth factor which binds to the receptor so 
that the antibody binds to the cell and thereby 
delivers the drug to the cell. 
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The method of claim 91, wherein the cell is a 
brain cell and wherein the growth factor upon 
binding to the receptor results in transport of 
the antibody across the blood-brain barrier. 

The method of claim 91, wherein the cell is a 
blood cell. 

The method of claim 91, wherein the cell is a 
muscle cell. 

The method of claim 91, wherein the cell is a 
nerve cell. 



The method of claim 91, wherein the cell is 
bone cell. 



a 



The method of claim 91, wherein the cell is a 
epithelia cell. 

The method of claim 91, wherein the growth factor 
is selected from the group consisting of insulin- 
like growth factor 1, insulin-like growth factor 
2, insulin, and transferrin. 

The method of claim 92, wherein the brain cell is 
abnormal and associated with progressive dementia 
and the contacting with the chimeric antibody 
comprises contacting the cell with an amount of 
the antibody effective to halt the progressive 
dementia . 

The method of claim 92, wherein the brain cell is 
abnormal and associated with a cerebral cortical 
atrophy and the contacting with the chimeric 
antibody comprises contacting the cell with an 
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101. 



10 



102. 



103. 



amount of the w - 

the antibody effective to halt hk 
cerebral cortical atrophy. the 

The method of claim 92, wherein -k. k • 
-lignant and associated with a *" 
the contacting „ ith ^ a and 

comprises contaW t he c 11 ' ^Tan """^ 
the antibody effective to halt t^r^cL a" 

The method of claim 92. „ herei „ ^ far 

— y effective to ^"x^. " 

The method of clai^ o-i 

or claim 92, wherein the brain cell i« 
malignant and associated with „ 
«nd the contacting with the l 

comprises contacting £ ^ """^ 

the antibody eLctiv ™ » « f 

carcinosarcoma. halt the 

The method of claim 92, wherein the brain cell is 

contacting 9 the ^n^.r 1 '^ ™ses 
-.body effective to °' 

105 • The method of claim q? 
30 m „ • 92, where ^ the brain cell is 

malignant and associated with a Ivmnh 
cn..,^. . ■ Lcn a J-ymphoma and the 

- rirrrr^ — 

ltn an amount of i-v.« 
antibody effective «- , the 
y effective to halt the lymphoma. 

106 - The method of claim 

or claim 92, wherein the brain cell ; 

malignant and associated with a J 

wicn a carcinomatous 
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cerebellar degeneration and the contacting with 
the chimeric antibody comprises contacting the 
cell with an amount of the antibody effective to 
halt the carcinomatous cerebellar degeneration. 

5 

107. A method of any of claims 93, 94, 95, 96, or 97, 
wherein the cell is malignant and associated with 
a melanoma and the contacting with the chimeric 
antibody comprises contacting the cell with an 
10 amount of the antibody effective to halt the 

melanoma. 



A method of any of claims 93, 94, 95, 96, or 97, 
wherein the cell is malignant and associated with 
a breast cancer and the contacting with the 
chimeric antibody comprises contacting the cell 
with an amount of the antibody effective to halt 
the breast cancer. 

A method of any of claims 93, 94, 95, 96, or 97, 
wherein the cell is malignant and associated with 
a lymphoma and the contacting with the chimeric 
antibody comprises contacting the cell with an 
amount of the antibody effective to halt the 
lymphoma. 

110. A method of any of claims 93, 94, 95, 96, or 97, 
wherein the cell is malignant and associated with 
a carcinoma and the contacting with the chimeric 
antibody comprises contacting the cell with an 
amount of the antibody effective to halt the 
carcinoma . 
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111. 



A method of any of claims 93, 94, 95, 96, or 97, 
wherein the cell is malignant and associated with 
a sarcoma and the contacting with the chimeric 
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112. 



antibody comprises contacti 

3— of the — y — t ;: 

- Prises contacting the cel ; t »»-;^ 
: ec Ptor binding ligand of the 

J>. growth factor which binds to the LcJ 
that the antibody binds to the cell and t "° 
detects the cell. "° thereb >' 

113 ■ The method of claim n •> 
15 . ° r clain 112 . "herein the cell is , 

°ra ln cell and wherein the growt- fact 
-nding to the receptor results " s" t 
«- antibody across the blood-Jra^ IZ1T " 

*■ » ' -to^ell^fj 1 ^ — - -th 

-Un-U.ee gro^h Zl 0 T. ^iHT ^ " 
factor 2 insulin „ lns "Un-like growth 

lnsulln - a nd transferrin. 

115 • The method of ruj. 
25 aK Q ° f Claim "2, wherein the brain cell 

abn °™al and associated with an 
Dlaoue and f h - argyrophil 
- que and the contacting with rha 

antibody comprises contacting Z c i 1^7 n 

amount of the an f^ ^ an 

rne antibody effective to n ^,> 

aetection of the plague. P ^ 



30 

116 



35 



The method of claim n -> 

or claim n 2( wherein the brain ceU 
aonormal and associated with * • 

the contacting with th e h ^ 

y wicn the chimeric ant-ihn^,, 
comprises contacting the cell with an ^ 
the antibody effective t „ ' • ^ ° f 

S t0 PSnnit Section of the 
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The method of claims 91 or 112, wherein the cell 
is an adipose cell. 

The method of claims 91 or 112, wherein the cell 
is an chronic myelogenous leukemia cell. 

A modified chimeric monoclonal antibody 

comprising two molecules of each of two different 
polypeptides, the shorter of which functions as 
the light chains of the antibody and the longer,..- 
of which polypeptides function as the heavy 
chains of the antibody, each polypeptide which 
functions as a heavy chain having a variable 
region characteristic of a first mammal and a 
constant region characteristic of a second mammal 
•and each polypeptide which functions as a light 
chain having a variable region characteristic of 
a mammal and a constant region characteristic of 
a mammal, wherein a receptor-binding ligand is 
covalently attached to the ends of the constant 
regions of each of the polypeptides which 
function as the heavy chains of the antibody. 

An immunologically reactive complex comprising 
two different polypeptides, the shorter of which 
functions as a light chain and the longer of 
which functions as a heavy chain, the polypeptide 
which functions as the heavy chain having a 
variable region characteristic of a first mammal 
and a constant region characteristic of a second 
-ammal and the polypeptide which functions as the 
light chain having a variable region 
characteristic of a mammal and a constant region 
characteristic of a second mammal, wherein a 
receptor-binding ligand is covalently attached to 
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the ends of . constant region =£ 
polypeptides. e 

A chi Mric poiypeptide capabie of functioning as 
ar a\7 ^ " *" ^ 

:::: ~jr r e~- : - ~ 

A cleric poiypeptide capable of functioning as 
var ° £ *" 3ntib0dy -".--.no a 

-nd a constant region obaracteristic of a second 
—.1. wherein a receptor-binding Ugand s 
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FIGURE 1(A) 



HUMAN lgG3 CH2 
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FIGURE 1(B) 
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FIGURE 2(A) 
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FIGURE 2(B) 



CD 



H- 



lgG3-IGF 1 [^ un p Z 



L- 




-21.5 



SUBSTITUTE SHEET 



THIS PAGE BLANK (usfto) 



WO 91/14438 



PCT/US91/01844 



5/16 
FIGURE 2(C) 
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FIGURE 3(A) 
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FIGURE 4 
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FIGURE 5(A) 
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FIGURE 5(B) 
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FIGURE 6 
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FIGURE 9 
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FIGURE 10 
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